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Abstract of W09922284 

An indoor environmental condition control and energy-management system includes a plurality of inputs. 
A user input receives user input parameters including a desired indoor environmental condition range for 
at least one energy unit price point. An indoor environmental condition input receives a sensed indoor 
environmental condition. An energy price input receives a schedule of projected energy unit prices per 
time periods. A processor, coupled to the inputs, computes an environmental condition deadband range 
for multiple energy unit price points based on the user input parameters and controls at least one energy- 
consuming load device to maintain the indoor environmental condition within the computed deadband 
range for a then-current energy unit price point. In an embodiment, the environmental condition includes 
at least temperature and the at least one load device includes a heating and cooling system. The 
processor, in one embodiment, communicates through a communications link with at least one energy 
supply company and selects one energy supply company for a premise to minimize energy consumption 
cost. 
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Field of the Invention 

The present invention relates generally to a residential or commercial environmental 
condition control system and, more specifically, to a system that controls internal 
environmental conditions to optimize comfort and minimize energy consumption and/or energ 
cost, based on user-defined parameters. 



Backgroun d of the Inventing 

Residential and commercial internal environmental condition control systems, such as 
temperature control systems, have been used for many years. Temperature control systems 
include thermostats and thermostatic control devices. These devices are designed primarily to 
sense the temperature inside a premise and, based on an occupant-designated temperature 
setting, activate a heating and/or cooling system or systems to maintain the temperature at that 
setting. 

There exist two main types of temperature control devices. One type of temperature 
control device includes a standard, single temperature control device having a setting control 
with which an occupant can set a desired temperature and a switch to select between a heating 
or cooling system., only one of which will be activated at a time. The heating system, when 
activated, will heat the premise when the actual temperature falls below the desired temperatur 
setting. Similarly, the cooling (i.e., air conditioning) system, when activated, will cool the 
premise when the actual temperature exceeds the desired setting. 

Another temperature control device includes a dual temperature control device having 
a dual setting control attached both to a heating system and a cooling system. A user may enter 
two desired temperature settings, a minimum desired temperature setting which controls 
activation of the heating system and a maximum desired temperature setting which controls 
activation of the cooling system. When the actual temperature falls below the minimum desired 
temperature setting, the heating system automatically is activated. Similarly, when the actual 
temperature rises above the maximum desired temperature setting, the cooling system 
automatically is activated. Such a dual temperature control device allows die user to input a 



e 



WO 99/22284 PCT/US98/09655 

-2- 

comfort range between two temperature settings and does not require the user to manually 
activate either the heating system or the cooling system. 

From the two basic temperature control devices described above, numerous 
temperature control systems have been developed, offering different features and variations. 
The temperature sensing and control devices have moved from traditional bi-metal contractors 
to more sophisticated electronic devices as technology has advanced. Some modern systems 
have been developed to enable a user to conserve energy while controlling temperature comfort 
levels. One modern system, for example, may be programmed by a user with multiple desired 
temperature settings for activating both heating systems and cooling systems based on time- 
dependent user-programmed parameters, such as time of day, day of week, month, etc. 
Another system, called Smart Systems 1000 ™, sold by Smart Systems International, includes 
an infra-red motion sensor for sensing the presence of a person in the premise being controlled. 
The system controls the temperature differently when a person's presence is detected than in the 
absence of such detection, in an attempt to conserve energy when the premise is vacant. 
Another system, called Transtext ®, sold by Integrated Communication Systems, Inc. of 
Roswell, Georgia, allows a user to select different desired temperature settings depending on 
which of three utility company energy cost tiers (high, medium or low) then is in effect, giving 
the user a certain level of control over energy consumption cost savings. 

While such systems offer a certain level of energy consumption control and, therefore, 
energy consumption cost control, none provides a user with direct energy consumption level or 
energy consumption price level control. Additionally, none offers user-defined control of 
environmental conditions other than temperature, nor does any provide automatic 
environmental condition control based on sensed external environmental conditions, which 
external conditions may greatly effect internal conditions. 

As the energy (i.e., gas, electric, etc.) supply industry becomes re-regulated and 
numerous energy suppliers become available to each premise, energy consumption control and 
price information (and control) will enable the savings of energy consumption and a 
tremendous amount of money spent thereon. A change occurring today in the energy and utility 
industry includes the movement of energy suppliers from a monopoly base to a competitive 
base, which movement will enable a user to select a supplier from an available group. 
Comparison shopping for the best price will be enabled. With the complicated pricing formats 
of most energy suppliers, and due to the dependence of total energy cost on usage times, energy 
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levels, number of loads, etc., it will be quite difficult, from an accounting standpoint, for a user 
^Jo predict cost and therefore take advantage of the selection opportunity. 

It is a general object of the present invention to provide an environmental condition 
control system that automatically controls internal environmental conditions to optimize 
5 comfort and minimize energy consumption and/or energy cost, based on- user-defined 
parameters. , , / ^ 

£-P-A~ t 8S ^~ I'fcUH'W ^° C^**^ C*h£/"»< for (W* "€•>■(, fli^ 

Summary of the Invention 

The present invention is directed to an environmental condition sensing and control 
1 0 system aimed at optimizing comfort and minimizing energy consumption and cost, based on 
user-defined comfort and cost level parameters. In its simplest embodiment, the system of the 
invention acts as a thermostat replacement to sense and control temperature. In a more 
elaborate embodiment, the system may form part of an overall energy management system, 

S^ a ii e m US - PatCnt N0 ' 5 ' 572 ' 438 > which »r h erein incorp o rated by reference^ 

15 in its ontircty.; _• 

In one embodiment, the system of the invention would have the ability to sense an 
indoor temperature. In an enhanced embodiment, the system could sense at least humidity, 
outside temperature, UV intensity, wind direction and speed, relative humidity, wet bulb 
thermometer measurements, and dew point. The system also can accept and process inputs 
such as local weather forecast data, energy supply company pricing schemes, and user-entered 
parameters such as desired comfort levels and energy price cutoff points. Such sensed 
conditions and inputs are processed by a processor of the system, with software operating on 
the processor, to maintain environmental conditions and energy consumption level and cost 
within the_user-defined levels. u 
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In anWbodiment, each local processor computes an environmental condition 
deadband range fW multiple energy unit price points based on the user input parameters. The 
local processor contU. the indoor environmental condition within the deadband range for a 
then-current energy uiuWice point. 

A further embodiment of the invention is directed to a method for managing energy 
consumption and controlhng\m indoor environmental condition for a premise. The method 
includes the following steps: receiving user input parameters including a desired indoor 
environmental condition range foWast one energy unit price point; receiving a sensed indoor 
environmental condition; receiving aWdule of projected energy unit prices; computing an 
indoor environmental condition deadband range from multiple energy unit price points based on 
the user input parameters; and controlling^ least one energy-consuming load device to 
maintain the sensed indoor environmental coition within the computed deadband range for a 
then-current energy unit price point. 

In an embodiment, the method further incudes the steps of monitoring energy 
consumption for each of a plurality of energy-cor^urmng load devices and controlling operation 
of each load device to maintain energy consumption cosr^ithin a desired user input cutoff 
point. 

In an embodiment, the method further includes the st\r, of selecting an energy supply 
company to minimize energy consumption costs. 
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Prkf Description of the nr^ng 

For a better understanding of the present invention, reference is made to the 

accompanying drawings, which are incorporated herein by reference. 

Fig. 1 is a general, structural block diagram of an embodiment of the system according 
25 to the invention. 

Figs. 2-4 are part structural, part functional block diagrams of different embodiments 
of the system of the invention. 

Fig. 5 is a graph illustrating a deadband temperature range computed according to the 



invention. 
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Fig. 6 is a block diagram of an alternate embodiment of the system according to the 



invention. 
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Fig. 7 is a block diagram of another alternate embodiment of the system according to 
the invention. 



Detailed Descripfmi^ 

5 The present invention includes an internal environmental condition control system that 

automatically controls internal environmental conditions to optimize comfort and minimize 
energy consumption and/or energy cost, based on user-defined parameters or default 
parameters. In a simple embodiment, the invention includes a thermostat replacement which 
controls internal temperature based on user-defined comfort levels and/or energy price cutoff 
10 points. In an alternate, and more elaborate, embodiment, the invention may form part of an 
overall energy management system capable of controlling numerous internal environmental 
conditions through multiple devices and optimizing energy cost and consumption through 
automatic energy supplier selection and other cost management functions, as will be described 
below. 

15 Fig. 1 is a block diagram showing the basic hardware components of the system of the 

.. invention. As shown, the system includes at least one input device 10, a memory 20, a 
processor 30, a user interface and device control block 40 and an external device 50. Input 
, device 1 0, which may receive an input from a keyboard, mouse, microphone, telephone, 
external sensor or other, may receive user-provided or non-user-provided input. As will be 
20 described in greater detail below, user input may include temperature and other environmental 
condition comfort ranges as well as timing and pricing preferences. Non-user input may 
include sensed environmental conditions such as temperature and humidity as well as energy 
supplier cost information. 

The input received by input device 10 is provided to memory 20 where it is 
25 temporarily stored. Memory 20 may include any type of electronic or computer-related data 
memory such as Dynamic Random Access Memory (DRAM). 

The data stored in memory 20 is accessed and processed by processor 30, which may 
include a microprocessor, personal computer, or other type of processor capable of data 
manipulation and signal processing functions such as arithmetic calculations. Numerous 
30 different environmental condition control, price and energy consumption control and cost 

prediction functions may be provided by the system of the invention, as described below, which 
functions require processing on the part of the processor. The functions may be selected by a 
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user and the processing is carried out by processor 30 implementing software routines. One 
such function includes controlling the temperature within a premises to remain within user-' 
inputted maximum and minimum temperature comfort points and/or energy cost cutoff points. 

The memory and processor may constitute a general purpose computer, such as a 
personal computer. The input, memory and processor all may connect to a common bus (not 
shown) on which data is communicated between the elements (from input to processor, 
processor to/from memory, etc.). 

Processor provides output signals, in the form of digital, analog, mixed signal, or 
other, to user interface and external device control block 40. User interface and external device 
control block 40 may include separate devices, including, for examples, a display device, which 
displays information to a user, and a control device, which controls an external environmental 
condition control device 50 by providing a control signal or signals to such external device 50. 

One or more energy-consuming external devices 50 (loads) are controlled to maintain 
desired levels of environmental conditions while minimizing energy consumption. External 
devices 50 may include, for examples, heating systems, cooling (i.e., air-conditioning) systems 
and/or other environmental condition controlling external devices, such as heating, ventilation 
and air conditioning [HVAC] systems. 

Not shown in Fig. 1 is a communications channel through which the processor 
communicates with energy supply companies to receive future energy unit price schedules. As 
described below, based at least on user input parameters and price information, the processor 
will select an energy supplier to minimize energy consumption cost. 

In one embodiment of the invention, as will be described in detail below, a user will 
input a desired temperature range for at least one energy unit price point and the processor will 
compute a deadband temperature range for all possible energy unit price points (received from 
energy supply companies). The processor then will control a heating and cooling system to 
maintain an indoor temperature within the deadband range for each then-current energy unit 
price point. 

Different embodiments of the invention, shown in Figs. 2-4, range from simple to 
elaborate, in terms of the number of features and functions offered. Each of Figs. 2-4 is a part 
functional, part structural block diagram illustrating the functions performed by, and the input 
and output elements of, the system. Each of the embodiments of Figs. 2-4 includes at least the 
basic general hardware elements shown in Fig. 1, with specific, exemplary input and output 
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devices shown in each of Figs. 2-4 for use with each system. For ease in understanding, the 
numbering of the functional blocks in Figs. 2-4 remains consistent with the numbering in Fig. 1 
of the corresponding hardware elements for performing those functions. Input-providing 
devices 5-9 are shown in Figs. 2-4. While input receiving device 10 is shown in Fig. 1, input 
functions 1 1-15 are shown in Figs. 2-4. While memory 20 is shown in Fig. 1, data collection 
and storage functions 21 and 22 are shown in Figs. 2-4. While processor 30 is shown in Fig. 1, 
processing functions 31-37 are shown in Figs. 2-4. While user interface and external device 
control block 40 is shown in Fig. 1, output functions 41-45 are shown in Figs. 2-4. Controlled 
output devices 51-58 are shown. 

The specific input hardware devices and output hardware devices shown in Figs. 2-4 
are exemplary and are not intended as limiting. Any input devices that provide the required 
inputs and output devices which may be controlled to provide the noted functions may be used 
with the system of the invention. 

Each of input functions 1 1-15, storage functions 21, 22, processing functions 3 1-37 
and output functions 41-45 is described separately below. Each embodiment of the invention, 
shown in Figs. 2-4, includes different combinations of such functions, ranging from the 
simplest (with the least functions) - shown in Fig. 2, to the most comprehensive (with all 
functions) - shown in Fig. 4. 

Fig. 6 is a block diagram of an alternate embodiment of the invention including a 
central processor 100 and multiple local processors 200A-200N. The central processor 100 
communicates with each local processor 200A-200N over a multidirectional bus 300A-300N, 
respectively. Central processor 100 also communicates via communications channel 400 with 
energy supply companies. 

Each local processor 200A-200N operates as.described with respect to Figs. 1-4 for 
monitoring and controlling indoor environmental conditions and load devices for maximizing 
comfort and minimizing energy consumption costs. Each local processor may be located on a 
different premise. 

Central processor 100 monitors energy consumption and cost at each premise by 
receiving data from each local processor. Central processor 100 receives pricing information 
from energy supply companies and may select an energy supply company for each local 
processor as an aggregate cost saving measure. 
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Fig. 7 is a block diagram of an alternate embodiment of the invention including : 
multiple local processors 200A-200N. A main processor 200A communicates via 
communications channel 400 with energy supply companies. Each local processor 200A-200N 
communicates via a local communications channel 250 with each other local processor, 
including main local processor 200A. 

Each local processor 200A-200N operates as described with respect to Figs. 1-4 for 
monitoring and controlling indoor environmental conditions and load devices for maximizing 
comfort and minimizing energy consumption costs. Each local processor may be located on a 
different premise or in a different location on the same premise. 

Main local processor 200A monitors energy consumption and costs for its own 
premise and in aggregate for each premise, as monitored by the other local processors 200B- 
200N, by received data from each other local processor 200B-200N. Main processor 200A 
receives pricing information from energy supply companies and may select an energy supply 
company for each local processor as an aggregate cost saving measure. 

Input Function 

Input functions condition and convert input device information to data useable by the 
system. Each input function will provide all the necessary support for each input device to 
provide data reliably and accurately. Hardware may include analog signal conditioning 
circuitry for a sensor, scanning logic for a keypad or a protocol stack for managing a 
communications link. 

Input Function 1 ) 

Input function 1 1 provides energy consumption and time and date information to function 
21. The data may be obtained from any of a number of sources by methods such as by scanning 
keys of a keypad 7 for closures, decoding Dial Tone Modulation Frequency [DTMF] from a 
phone input, reading an energy meter 5 or submeter though counting pulses or communicating 
over a communications link 6. Multiple input devices can be supported. The collected data 
will be normalized in pulse count to units of energy consumed. It is then passed to function 21 
for short term storage and data considered of historical importance can be stored in function 22 
for long term storage. Time and date may be available from certain meters and if available 
would be collected and provided to function 21 which in turn would provide it to function 33. 
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Input Function 12 

Input function 12 provides energy cost information. Data can be collected from: a 
keypad through scanning keys for closures, decoding DTMF from a phone input, reading a 
Smart Card's 9 rate tables or communicating over a communications link either directly with 
5 one or more energy providers or with an energy cost service provider. The data will be 
collected and provided in a standard digital or analog format to function 21 for short term 
storage. Each energy provider will have its rate tables identified and can have other factors 
included such as the length of time the tables are valid, discounts for the length of time the 
service is continuously used and penalties for excessive energy usage during certain time 
10 periods. The rate tables themselves may embody any type of pricing structures such as flat rate, 
time of day, price tiers, etc. . 

Input Function H 

Input function 13 provides weather information. This information can be provided by 
15 keypad input, decoding DTMF from a phone input or through a communications link. The data 
can come from either an energy provider or a weather service provider. The data can be in the 
fornv.of discrete parameters representing temperature, humidity, wind speed and direction or a 
weather index value suitable for use in calculating the effect of weather on cooling or heating a 
premise. The data may be provided at regular intervals and be sufficiently localized for 
20 acceptable accuracy. The information will be placed in a standard digital or analog format and 
passed to functional. Data considered of historical importance can be stored in function 22 for 
long term storage. 

Input Function 14 

25 Input function 14 interfaces with the user to allow for data input and inquiries. Data can 

be entered by any standard data input device such as keypad input, decoding DTMF from a 
phone input, analyzing voice input from a telephone or microphone, a handheld remote control 
device or a communication link when the user is not local to the system. The data can include 
temperature set points, comfort levels, cost goals or strategies, operational commands and 

30 inquiries about costs, operation or status. In one embodiment, the data includes a maximum 
temperature level and a minimum temperature level for each of a number of energy unit cost 
points. The data also may include a maximum cost level for each of a number of energy- 
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consuming loads above which cost level the user desires the load be turned off. This input is 
passed to function 2 1 for permanent storage. 

Innut Fnnr.rin n ^ 

Input function 15 provides for interfacing with sensors and equipment as well any other 
data sources that may be appropriate such as a Smart Card 9 or communication link 6. Sensor 
types supported will sense internal and external environmental conditions including temperatun 
and humidity, as well as other conditions such as occupancy. These sensors can provide either 
raw signal levels which will be converted to a standard readable data format or themselves 
provide data output which may be formatted and stored for use. Equipment that can effect the 
environmental conditions of the premise also will provide input to this function. Types of 
equipment can include humidifiers, dehumidifiers, air filters, dampers and air ionization 
devices. The data they will provide can include status, state, alarm and level. Function 15 will 
pass all collected data to function 21 for storage and use by other functions. 



Storage Function 

Storage functions provide short term, long term and permanent storage of information 
provided by Input and Process functions. Short term storage encompasses data stored for one 
calculation or from one hour to 90 days. Long term storage can be from one to two years or 
20 longer. Permanent storage is data that once stored is never discarded or changed except by the 
user. In terms of relative size, short term storage may store kilobytes, long term storage may 
store megabytes and permanent storage may store hundreds of bytes. Data will be written by 
input functions and written and read by process functions. 

25 Storage Function 91 

Storage function 21 collects all data and provides short term and permanent storage. All 
implemented input functions collect data from input devices, format the data and pass the data 
to function 21 for storage. All active process functions retrieve data from storage, then process 
and store results in function 21 . A process can decide to delete or modify any stored data not 

30 shared among multiple processes and can determine what data has historical value and will be 
used in the future and tag it for long term storage. Function 2 1 would move such data to long 
term storage if available and retrieve that data when requested by a process. Data shared among 
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raultiple processes that was not overwritten by new input data would be tagged by each process 
as deleteable when no longer useful and be deleted when all sharing processes had tagged it so. 
Examples of data types include user preferences and limits, which may be permanent data, 
energy rate tables and sensor inputs, which may be short term data, and consumption profiles 
and weather data, which may be short term data. Short term data having historical value may 
become long term data. 

Storage Function, 22 

Storage function 22 stores all long term data. It receives data from function 21 and stores 
it for a year or more, in one embodiment. This function may be local to function 21 or remote 
from it and the connection between the two functions can be a hardware connection or a 
communications data link. It is possible that this function be implemented in a personal 
computer or as an added memory storage unit or as a separate service provider computer 
system. 



Processing Functions 

* Process functions use collected and stored data to make decisions and provide results. 
The^functions are carried out by operating software on a processor (such as that of a general 
purpose computer). The results may be provided as output to the user or other processes within 
the system or through output functions to output devices, service providers or external 
equipment. Connections between processes and storage or output functions can be within the 
same microprocessor or physically separated by great distances and connected through a 
communications data link. As such, a process can be performed by a remote computer system 
or by a service provider and sent back to the local system to output functions. 

Process Fungtfoyi ^1 

Process function 31 provides a load estimation process, predicting future energy loading 
for other processes and for energy providers which will need to obtain customer-provided 
information to manage future load requirements. Function 3 1 will track usage by reading 
function 1 1 meter input data, if available, and track the effect of weather by reading function 13 
weather input data, if available. Based on available data, function 3 1 will provide a load 
estimate for the subsequent day, week or month. Historic data will be used if available in long 
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term storage. If no data is available, then this function will be dormant. Load estimates will be 
stored in function 21 and provided to the selected energy provider once chosen and also used 
the form of load profile and energy consumption data to make that selection in process 32. 



in 



Process Function ^ 

Process function 32 selects an energy type, energy provider and pricing format, assuming 
multiple are available. The user may have available, more than one energy supplier, more than 
one type of energy, and may have local private energy generation or 'cogen' capability. 
Decisions then can be made regarding energy type, energy supplier and if and when cogen is 
to be utilized to realize cost savings. Decisions will be made with user-specified criteria and 
possibly based also on predicted future uses, historical usage patterns, weather patterns or 
forecasts, etc. Function 32 would read cost and user input data collected by input functions 1 2 
and 14, and load and time data from process function 3 1 and 33 to make those decisions. 
Absent user-specified criteria to the contrary, the selections will be made to minimize cost. If 
there is no function 12 data, then the entire process will be dormant. Similarly, if there is no 
cogen capability or multiple energy types as indicated by function 14, then those portions of the 
process will be dormant. Similarly, if there is cost data for only one supplier, then the selection 
process will default to that supplier. If user criteria data is not provided, then a default set will 
be used until such time as that data is provided. If there is no load information from function 
3 1 , then selection will be made on the lowest rate for each hourly interval. Results of this 
process will be provided to output functions 41 for cogen control, if available, and to function 
42 for energy provider notification of selection. This notification may be by a Smart Card or 
through a communications link, as defined by function 42. 

The costing process uses inputs read in function 21, the consumption data from function 
1 1 and the selected energy supplier's rate table data from function 12 to determine cost for 
storage in function 21 and to provide energy consumption data to the energy supplier, provided 
no automatic meter reading system or service is available to the supplier. Consumption data 
will be available from function 42. 



Process Function K 

Process function 33 provides time, date and day of the week data. This process can be 
synchronized to the energy supplier's reference if input function 1 1 can collect this data from 
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the energy meter. It will otherwise be set by the user. This process will provide local time, date 
and day of the week data and store it in function 21 for any process to use and is directly 
provided to the output function 43 for immediate display, if available. 

Process Functjnt^ ^4 

Process function 34 provides a user-reporting process in response to user inquiry. The 
process collects data from function 21 and passes a response to function 43 to present to the 
user based on an inquiry input from function 14. A set of defined inquiries will be made 
available to the customer. A selection can be inputted by the user. Function 34 will collect and 
format data for presentation based on that selection. Examples would include: present 
temperature, temperature set point, present supplier, present cost this hour, cost to date this 
month, present consumption profile and present user selection criteria. These responses are 
subject to availability of the data within function 21. 

Process Funrtinn 

Process function 35 provides a system monitoring and alarm process. All other functions 
will report their statuses to this function. If any function detects a problem or malfunction, then 
it will be reported to function 35 which will store the status in function 21 and report the 
problem directly to function 43 for user notification. Examples include reporting data no longer 
available for previously operating process, out of memory and temperature not responding to 
control. Additional interaction between output functions and input functions where feedback is 
expected will be monitored and used to determine if proper operation of external equipment is 
occurring. This information also will be stored and reported as required. Over time, this ability 
to monitor, measure and store the operational level of external equipment will allow for 
predictive reporting by function 15 as to the need for maintenance to restore the efficiency of 
that equipment. 

Process Function ^6 

Process function 36 provides at least the basic thermostatic control and, with 
enhancements, can be used optionally to improve user comfort while reducing cost. On a 
continuous basis, function 36 reads function 21 for sensor and equipment inputs from function 
15, user data from function 14, rate tables from function 12, based on the energy supplier 
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selection performed by function 32, and time and date data from function 33, as available. 
Based on the data, a set point temperature variance is determined to provide the proper control 
to meet user requirements. Optional features implemented in function 36 include ramping, 
preheating and precooling, as described below. These options further vary the set point to 
5 improve user comfort while controlling cost. A direct output is provided to function 43 to 
provide the user immediate access to temperature data. As described below, a user may enter a 
minimum and maximum desired temperature range for at least one energy unit cost point. The 
fiinction then will compute a comfort deadband range for all possible energy unit cost points. 
The system then will monitor the temperature and the energy unit cost and will maintain an 
10 indoor temperature within the computed range. As described below, the range may be greater 
as the cost of energy increases, thus automatically providing the user with cost savings by 
altering the indoor temperature range. 

Process Function ^ 

15 Process function 37 provides for control of other environmental equipment to further 

improve user comfort and control cost. Function 37 reads cost information data from function 
12, weather data from function 13, user data from function 14 and equipment data from 
function 15, etc. Depending on the type of equipment and control provided over that 
equipment, function 37 can provide cost savings by operating the equipment during lower 

20 energy cost periods, as opposed to set times of day, as may be necessary with air filters and 
ionization devices. Humidifiers and dehumidifiers can be controlled to enhance cooling or 
heating cycles where a cost savings can be calculated. The devices are monitored for energy 
consumption and each may have different usage requirements (i.e., time of day, weather- 
dependent, etc.) as specified by the user. The state of the control of the equipment is available 

25 directly to function 43 for immediate display. 

Outpyt Functus 

Output functions control and provide data to output devices, communication links and 
environmental equipment. Output functions, for example, control external devices to maintain 
30 an environmental condition within a comfort range while minimizing energy consumption by 
the external devices. Each* output function will provide all the necessary hardware and 
functional support each output device and controlled external device requires to function 
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properly and reliably. Such support may include, for examples, contact closures, certain signal 
levels, audio capabilities, data display capabilities and the ability to format information and data 
over communications links controlled through a protocol stack for managing the data flow and 
integrity. 

5 

Output Fnnrtinn. 4 J 

Output function 41 provides the control to initiate local energy generation or cogen. 
Function 32 will make the determination that cogen is the energy of choice to function 41 
which will then use contact closures or a communication link 52 to initiate the process. 
10 Function 32 also will determine the end of the cogen process and signal function 41 to turn off 
cogen. The system will not provide for the direct control of the energy generation process but 
control only the on and off states. 



15 



Output Function 47 

Output function 42 provides notification to the selected energy supplier of its selection 
and can provide consumption data if necessary. It can also notify those energy suppliers with 
which the. user has a relationship that they have not been selected for a specific time interval. 
Function 42 will support a communication link and messaging to the energy suppliers. It also 
will support storing this data in a Smart Card 57 for non-real time reporting. Consumption 
20 data, when there is no automatic meter reading system or service, can be provided to the energy 
supplier through the same means as the selection process. 

Output Fimr.tio n dl 

Output function 43 provides data and display formatting support for the user output 
interface. This function can be implemented with a variety of output devices including: Liquid 
Crystal Display [LCD], Light Emitting Diode [LED], Vacuum Florescent [VF], Field Emissive 
Display [FED] or Cathode Ray Tube [CRT] displays 53; a voice response subsystem using a 
phone or speaker 55; a tactile output device like an electromechanical Braille pad; a television 
channel 56 added through a cable, satellite or other type of set top box and a variety of 
communication links. The user output interface may be provided with data directly from 
process functions 33 through 37 for immediate access without an inquiry. All other data is 
accessible through an inquiry processed by function 34. Additional indicators or enunciators 
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may be implemented for providing statuses of certain functions such as power on, equipment 
state and alarm. 



Output Function Ad 

Output function 44 provides control for heating and cooling equipment. Function 36 will 
determine the need for heating or cooling and signal function 44 to initiate the process. Contact 
closures, similar to standard thermostats, may be used to control the heating or cooling of the 
premise. A communications link 52 also may be available to communicate to equipment 
remote to the system. 



Output Functjon 

Output function 45 provides control of environmental equipment other than that 
controlled by function 44. This equipment may include humidifiers, dehumidifiers, air filters, 
dampers and ionization devices. Function 37 will determine the need to turn on or off a specific 
1 5 equipment type and signal function 45 to initiate the process. Contact closures 5 1 will be used 
to control these units. A communications link also will be available to communicate to 
equipment remote to the system. 

Output Devices 

20 Output devices 50 are those devices that accept input from the output functions of the 

system. These devices will interface with the appropriate output functions which will provide 
the proper control to those devices in response to the requirements of the system. Not shown 
are the specific external devices, including energy-consuming load devices, controlled by the 
system of the invention. The load devices may include environmental condition controlling 

25 devices such as heating or cooling systems, humidifiers, or the like, or any energy-consuming 
device to be monitored and controlled by the system of the invention. The controlled load 
devices will receive control inputs through power modules, directly from the processor, from 
any of the output devices, or other. 



30 



Contact Output 

Dry contact closures 51 will be used to provide control to devices outside the system from 
functions 41,42, 44 and 45. These contacts will be rated for controlling relays and low voltage 
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circuits. The contacts may, for example, control the external load devices for energy 
consumption management and environmental condition control. 

Communications J ink- pnfpif 

This link 52 is similar to that described in the Input section except that the direction of the 
information would be out from the system. The described links, regardless of the physical 
communications channel media, can be full duplex, half duplex or simplex, as dictated by the 
nature of the link and the needs of the input functions and output functions 41 through 45. 
Examples include: Satellite which is simplex and normally only supports input functions, 
Ethernet which is half duplex but will support both input and output functions, and phone lines 
which are full duplex and always supports both functions. 



Display Qytputs. 

A display 53 device capable of providing readable data of various forms and types to 
15 function.43 may be employed. The display can be textual or graphics based and have sufficient 
display area to convey the required information. The construction can be custom or standard 
and be of any technology appropriate for the specific implementation such as LCD, LED, VF, 
FED, plasma, CRT and may be electromechanical, visual or tactile, such as a Braille pad. The 
display also may incorporate a number of individual indicators or denunciators of various 
technologies which provide status information such as power on, equipment state and alarms. 

Audio Output 

An audio output device 58 may be used to indicate and alarm state for function 43 to 
inform the user that a malfunction or limit has been reached. It also may provide feedback to a 
user during data input to indicate acceptance or that a change has been instituted. Device types 
can be either sound-generating or transducer-based and may produce one or more sounds. 
These sounds may be tones or sound effects. Any of speakers, buzzers, bells and piezoelectric 
devices may be used for this purpose. 

30 Voice Oytpifl 

A voice output device 55 may be used as an output for function 43 to inform the user of 
the status or state of the system in response to an inquiry or command. This would function in 



WO 99/22284 PCT/US98/096SS 

-22- 

a fashion similar to voice response systems and can be used remotely over a phone line as well 
as locally within the premise. Previously stored or user-recorded messages would be used to 
provide the voice response to user input or inquiry. Examples include stating the selection 
made through a phone keypad input, providing the temperature of the premise and announcing 
an alarm condition. 



Smart Card Output 

As previously described in the Input section, a Smart Card 57 also may be used to output 
information from function 42. It can store energy consumption and other information that 
would be provided to the energy or service provider or providers through some means 
dependent on the deployment method used in conjunction with a Smart Card. As an example, a 
Smart Card could be brought to a facility which uploads a payment transaction to the card and 
downloads the consumption data from it to provide to the energy provider. This can also be 
done on premise through a device with a phone line modem and Smart Card interface. 

Television Output 

A television 56 can be used an output device for function 43 and can incorporate both 
visual and audible outputs. The audible output may be similar to a voice output device except it 
would be modulated onto the television channel audio carrier. The visual output may include 
any display device except it would modulated onto the television channel video carrier. Due to 
the capabilities of television, enhancements to the audio and visual outputs can be implemented 
to take advantage of those capabilities. Examples include adding graphical images to output 
responses, displaying detailed graphs of consumption or other available data and adding TV 
channel-like presentations. The connection to the television can be through an RF channel, 
audio/video inputs, a secondary communication link or a set top box interface. 

Features 

The following is a discussion of features provided by the systems of Figs. 2-4. Each 
system provides a different number of the discussed features, as noted. 

In each of the embodiments of Figs. 2-4, a VARIABLE DEADBAND COMPUTATION 
will occur in which a variable deadband temperature range will be computed for each of a 
number of possible energy unit price points, based on user input data. The system then will 
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control a heating/cooling system to maintain an indoor temperature to be within the deadband 
range for the then-current energy unit price point 

Referring to Fig. 5, the occupant would select a specific ideal temperature and a range 
above and below the ideal temperature within which they would like the system to maintain the 
indoor air temperature. This range may be entered for different energy unit price points and 
may differ depending on the price. For example, the occupant might choose an ideal 
temperature of 72 and a + or - 1 degree range given a cost per unit of energy of less than or 
equal to 4. This setting would instruct the system to maintain an ideal setting of 72 degrees but 
would allow the system the flexibility of raising the temperature to 73 degrees or dropping it to 
71 degrees. 

The occupant would have the option of entering any number of cost points and variables 
which the system would then use in managing the temperature. [Fig. 2 feature of MANUAL 
COST ENTRY with the user notifying the supplier and Fig. 3 feature of AUTOMATIC COST 
ENTRY and AUTOMATIC SUPPLIER NOTIFICATION with a communications link.] This 
system also permits the use of a fixed set point option where the occupant would specify a 
desired specific set point but not have the option of directly modifying it. [Fig. 2 feature of 
enabling DATA ENTRY PASSWORD.] This might be the case for example in a commercial 
facility or in the case where an energy provider or bill payer offer specific fixed set point 
programs to occupants as part of a fixed price energy use program or under a contract with the 
occupant as part of an energy management offering. 

If the user does not enter any cost points or variables, the system will operate as any other 
thermostat by maintaining the temperature within the range specified by the occupant. 
However, in a re-regulated environment, multiple suppliers of energy may be available to the 
occupant and therefore, the user would have the ability to enter bid prices for energy into the 
system which would specify the maximum amount the user was willing to pay for a unit of 
energy and associated with that bid price, the dead-band variance they were willing for the 
system to manage the temperature within at that bid price. [Fig. 2 feature of COST BASED 
COMFORT CONTROL.] Under the fixed set point option above, the price points and dead- 
band variance might be specified by the occupant or might be specified as part of an energy 
program or service contracted for by the occupant. These variables under the fixed set point 
option may not be controllable directly by the occupant. [Fig. 2 feature as part of feature 2.] 
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As an example, the occupant has defined a desired temperature setting and range of 
fluctuation ( 72 degrees + or - 1 degree). The user then could enter a bid price that he/she is 
willing to pay to maintain that ideal setting and fluctuation range or dead-band. Alternatively, 
the user could enter minimum and maximum desired temperatures for each of a number of 
5 different costs per unit of energy. For example, as shown in Fig. 5, the user may enter a range 
of + or - 4 degrees for a cost per unit energy of 13 or greater. The system then would compute 
the deadband range based on the user input parameters. A linear deadband range may be 
computed between the two entered points (costs per unit energy of 4 and 13 in this example). 
For a then-current cost per unit energy, which is monitored by the system, the system then 
1 0 would control a heating system and a cooling system to maintain the indoor temperature within 
the computed range. The heating system would be controlled to operate when the temperature 
falls below the deadband range. The cooling system would be controlled to operate when the 
temperature raises above the deadband range. 

The system would be capable of using the same range of temperature dead-band for both 
15 heating and cooling, or would be capable of maintaining separate ranges for each. [Fig. 2 
feature of TEMPERATURE RANGE input.] An example might be that a person who is more 
tolerant of cold than heat, might set the dead-band for heating at 8 degrees off of the set point 
for a given price of an energy unit, while specifying only a 4 degree dead-band for the same 
energy unit price point for cooling. An additional feature of the system would provide for the 
20 entry of a maximum and minimum actual temperatures within which the system is to manage 
the indoor air environment above or below the set point of the thermostat. [Fig. 2 feature of 
TEMPERATURE HI/LOW input] Under this option, the user might enter 78 degrees as the 
maximum and 64 degrees as the minimum comfort range they would like maintained. The 
system would then utilize the current set point of the thermostat in conjunction with the 
25 minimum and maximum price and temperature inputs to compute a dead-band variance 

operating zone for the premise. This computation would be performed every time the set point 
or minimum and maximum price or temperature parameters are entered or modified. In 
addition, under this fixed minimum and maximum temperature option, the system would accept 
a set point greater than the maximum or less than the minimum temperature parameter in its 
30 memory and would use it as an override to these minimum or maximum parameters. [Fig. 2 
feature of TEMPERATURE SET POINT input.] This override would negate the dead-band 



WO 99/22284 PCT/US98/09655 

-25 - 

option for either the heating or cooling cycle depending on which degree setting was over 
ridden. 

An additional feature of the system provides an option for supplying the system with the 
previously mentioned minimum and maximum degree settings for comfort along with an 
5 indicator for pricing that simply indicates at the lowest possible price. This feature permits the 
system to operate within the minimum and maximum degree settings without a rmnimum or 
maximum price. Under this scenario, the system would scan the available pricing for the 
upcoming day and use the lowest priced energy units per time period (i.e. per hour) to create a 
dead-band plot for the day using the cheapest price period as the set-point price and the most 
10 expensive price period as the greatest variance set-point price. [Fig. 2 feature of COST 
CONTROL LEARNING.] It then would operate within that dead-band range for the day or 
other defined period, or until new pricing for the time periods covered were received. If new 
pricing points are received, then the process will re-compute the dead-band plot for the day. 
Under this scenario, it is also possible to enter only a minimum or maximum price point into 
1 5 the system. Entering just the minimum would define at what price for energy units the system 
is to maintain the minimum dead-band variance and that plotting higher price periods will 
define the maximum for the day or other defined period. [Fig. 2 feature of COST CONTROL 
LEARNJNG.] Entering just the maximum will permit the use of the system shut down option if 
energy unit prices exceed those specified as the maximum. 2 feature of COST CONTROL 
20 LIMIT SHUTDOWN.] 

The historical data stored in an enhanced version of the system could be used to assist in 
making this decision, or could be used to automatically determine the optimum settings, since 
the system, after being installed for a period of time, will have sufficient history data in its 
memory to provide the average consumption analysis data such as energy units used and cost of 
25 the energy units as a function of time, temperature, occupant changes in the set point and 

weather related factors for normalization. [Fig. 4 feature of HISTORICAL CONSUMPTION 
ANALYSIS.] This energy usage signature of the premise environmental temperature air 
management system is used to manage the economics of its ongoing and future predictive 
operational costs as well as to track its operational characteristic from the standpoint of 
30 detecting abnormalities in energy consumption or run times based on its historical energy use 
and operational characteristics signature. [Fig. 4 feature of HISTORICAL OPERATIONS 
ANALYSIS.] 
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Based on these historical averages, the also may enter a maximum range and/or dead-band 
that they are willing to tolerate either in the form of an offset to the set point or an actual 
minimum or maximum degree setting and a maximum price cutoff that the system is to work 
within while managing both the economics and the environmental comfort conditions. 

Associated with the maximum price and dead-band variance, the user would have the 
option of specifying to the system how it should react to prices higher than the maximum price 
specified. These choices would be to maintain the indoor air temperature at the maximum 
dead-band setting, or to activate an alarm condition and shut down the system until the energy 
unit price drops within the allowable range, or the allowable range is changed to accept a 
greater energy unit price. [Fig. 2 feature of COST CONTROL LIMIT HOLD.] These choices 
could be different for heating versus cooling, permitting the option, for example, of shutting 
down the system for cooling and initiating an alarm if the maximum price point is exceeded 
while continuing heating operations even when the maximum price point is exceeded. To 
illustrate how this would work, referring to Fig. 5, the user might enter a maximum cost per 
unit energy of 13 above which the dead-band range is 4 degrees + or -. The system then would 
compute internally the variable dead-band as a function of energy unit cost. The system then 
would then scan the available energy suppliers ask price table for the current price of energy 
and, based on the occupant-supplied data, would select the lowest cost energy source and 
supplier in an effort to remain as close to the user-defined comfort set point and spread as 
20 possible. 

In this example, if the occupant had chosen not to enter any other than the original set 
point of 72 degrees and range of + and - 1, then the system would choose the lowest energy unit 
cost and supplier and operate the heating and cooling system to maintain the indoor air 
temperature at the 72 degrees + or - 1 degree default. If a minimum price was entered by the 
occupant and the lowest cost per energy unit was satisfied, from one or more of the available 
energy unit suppliers, the lowest cost energy supplier would be selected, and the minimum 
dead-band variance would be selected. 

This system further contemplates that prices posted by different energy unit suppliers will 
contain at least the 3 following components: (1) an energy unit component, (2) a distribution 
30 delivery cost and (3) a transmission delivery cost imposed by the distribution and/or 

transmission infrastructure owner or operator to move the energy units from their place of 
origin to the premise. The system has the ability to access and display to the owner, occupant 
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or bill payer, the many different sub-components making up the total cost of energy units 
supplied to or available to the premise. [Fig. 4 feature of ITEMIZED COST REPORT.] 

During the selection process for an energy unit supplier, the system may select the lowest 
cost energy unit provider based on the total cost the energy units delivered to the premise. If 
multiple suppliers or types of energy units are available for the same price point, then the 
system might select the supplier of choice based on user-specified energy unit type and supplier 
preference settings. If preference settings are not entered, then the system might rotate the 
suppliers to achieve equal election parity by type and energy units purchased during the billing 
period. [Fig. 3 feature of COST CONTROL SUPPLIER PREFERENCE WEIGHTING.] At 
all times, the system would be capable of displaying the set point and the heating and cooling 
dead-band range currently in effect and the actual temperature^ [Fig. 2 feature of - . 
TEMPERATURE STATUS REPORT.] 

In an enhanced version of the system, using the available historical data and any 
additional available input feeds such as outside temperature, wind speed and direction, weather 
information or indexes as well as UV intensity, the system will project the estimated total cost 
of .operation for the day-based on the asking price for energy units from suppliers . [Fig. 4 
feature of COST ESTIMATE DAILY REPORT.] 

i In addition, the system would forward-project the cost of operation for each forward 
period (for example the next 2 hours) and pre-cool or pre-heat the premise within the allowable 
ranges specified by the user to minimize cost of operation during upcoming periods when 
energy prices are higher. [Fig. 2 feature of COMFORT PRECONDITIONING.] This real-time 
economic modeling would be performed by the system on an ongoing basis and die system 
would react to changes in energy unit pricing, external input feeds and occupant supplied 
changes to the ideal temperature setting and dead-band parameters to achieve maximum 
comfort and cost efficiency within the user defined parameters. 

To offset the effects of a radical price change such as might be found in a "time of day" 
rate structure, the system has the ability to perform temperature ramping based on a user 
activated option. This option will cause the system to gradually ramp the temperature up or 
down over a period of time (i.e. 1 degree/30min or 1 degree/lhour based on either operator 
supplier fixed rates of change or system-computed optimal efficiency rates) in response to 
energy price changes. [Fig. 2 feature of COMFORT RAMPING and Fig. 4 feature of 
WEATHER MODIFIED COMFORT RAMPING.] The optimal ramping algorithm would be . 
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computed and executed if user-specified rates are not present, based on the premise heat gain oj 
loss historical data modified to reflect current conditions. Utilizing this ramping technique, not 
only reduces energy usage during higher price periods, but also permits a gradual temperature 
change to occur in reaction to the higher price. Ramping back to a narrower dead-band as 
5 prices drop or if a gradual recovery option is selected, uses a reverse recovery ramp. During 
periods of radical price change, ramping will avoid or reduce the possibility of engaging the 
heating or cooling systems second or third level heating and cooling cycles which usually self- 
engage when a temperature differential of more than 3 or 4 degrees exists between the set point 
and the actual temperature. 

The second and third stage heating and cooling cycles mentioned are incorporated into 
most modem reverse cycle or heat pump systems, and utilize multiple speed compressor motors 
for second and above-stage heating and cooling and auxiliary resistive heat strips, or in the case 
of a dual fueled system, gas fired burners to supplement heating demands. In most cases, the 
initiation of subsequent stages of heating or cooling cycles on such systems results in an energy 
consumption rate of two times that of the first stage. By maintaining the systems operation in 
the first stage cycle, maximum energy consumption efficiency is achieved. If, however, 
thermal recovery does not keep up with the computed or specified ramp, subsequent stages of 
heating or cooling will automatically be initiated when needed and if so equipped. As a result, 
recovery ramping, when used in conjunction with multi-stage heating and air conditioning 
systems, will minimize excessive energy usage and a gradual return to a narrow dead-band 
range by avoiding second and third stage initiation. 

To maximize energy efficiency while the premise is not occupied or is vacant, as might be 
the case for a vacation home or second residence, the system would support a minimum 
requirements function which would permit the entry of a very wide dead-band range which 
would be enabled by the premise owner, occupant or bill payer when conditions warrant. In the 
minimum requirement mode, the dead-band would be set at the maximum range regardless of 
the price of energy units (i.e., 40 degrees for heating and 90 degrees for air conditioning). [Fig. 
2 feature of TEMPERATURE LIMITING.] These degree settings would, in most cases, be 
entered by the party enabling the function. Depending on the climate at the location, only one 
of the parameters may be needed to protect the premise from freezing or excessive heat buildup. 
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To support such a condition, the system may accept a minimum range of 000 and a 
maximum of 999, which will be recognized as an off condition for the cooling and heating 
systems, respectively. Utilizing such a system allows the occupant or utility bill payer to define 
comfort in terms of both environmental comfort and willingness to pay parameters, and would 
allqw the energy unit supplier to achieve load management and maximize the utilization of 
resources by adjusting the energy unit pricing to increase or decrease demand for their product. 

The system in its simplest form would use occupant input parameters and energy supplier 
asking prices for energy units to select the energy supplier offering the lowest possible price 
from the available energy suppliers for current and future time periods. [Fig. 2 feature of COST 
CONTROL LEARNING.] In the enhanced embodiment of the invention, the system will 
make the selection of an energy supplier also based on energy usage history data. [Fig. 3 
feature of HISTORICAL COST CONTROL LEARNING.] The energy unit usage rate of 
associated heating and cooling system devices attached to the system will vary depending on 
their particular designs and capabilities. For example, a standard air conditioning system 
usually has a fairly consistent usage rate. In comparison, more sophisticated heat pumps have 
multiple speed compressors, fans and the ability to direct air flows using damper controls to 
more efficiently maintain indoor temperature. Mixed fuel source units may have different 
usage rates depending on the fuel source being used (i.e. gas heat versus heat strips in the 
second or third stage of heating in more sophisticated heating systems). 

To manage and report the cost of operation statistics to the occupant or bill payer if that 
feature is desired, the system will need to have the energy unit usage rate of operation for each 
of its controllable heating and cooling devices in each of its possible configurations. In 
addition, the system will need access to actual run time data to compute the estimated level of 
consumption for each controllable device. [Fig. 4 feature of MULTI-SYSTEM 
CONSUMPTION AND COST CONTROL.] This energy unit consumption rate data at a 
minimum will be entered directly into the system as an optional parameter by the occupant or 
bill payer or system installer at system installation [Fig. 2 feature of MANUAL 
CONSUMPTION ENTRY.] or could be supplied to the system directly by a sub-metering 
device or by another system such as the InterLane™ Home Manager or Power Manager on an 
interactive real-time basis. [Fig. 4 feature of AUTOMATIC CONSUMPTION ENTRY.] If 
interfaced to another system such as the InterLane™ Home Manager & Power Manager, the 
system would have the ability to record into the memory of or share operational statistics and 
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all other historical data with the other system over a communications channel, thus improving 
the overall reliability and efficiency of both systems. 

The system would use its historical usage data to project future energy demand and 
produce economic models to obtain the maximum benefit for the occupant or utility bill payer 
and the utility. By utilizing the energy unit consumption signature for any monitored and sub- 
metered appliance, in conjunction with weather related data, the economic model will 
continuously calculate and predict the future operating expense of the premise and individual 
appliances using the historical energy consumption signatures and external factors. This 
predictive model will be used at a minimum to estimate future energy unit needs, costs, and 
identify and alarm unusual or abnormal consumption patterns. [Fig. 4 feature of WEATHER 
CORRELATED HISTORICAL CONSUMPTION ANALYSIS.] 

In addition, this economic model will be capable of supplying normalized input data into 
energy efficiency modeling toots such as the DOE-2.1 energy efficiency model to compute the 
overall energy efficiency of the premise. The system also will provide comparative reporting 
on the efficiency of each monitored and measured appliance either directly or indirectly. 

With the addition of sensing devices or data supplied to it from another source, the system 
would build and maintain the history of these additional data points for inclusion in its model 
and, as a result, would be better able to project the most efficient forward planning model based 
on the occupant-supplied parameters. For example, the system could obtain, using a 
communications medium, weather information or indexes that it would use to maximize its 
efficiency. [Fig. 4 feature of AUTOMATIC WEATHER DATA ENTRY.] Information like an 
approaching front, afternoon prediction of rain, a projected increase or decrease in wind speed, 
or change in direction, cloud cover or humidity could all be received over the communication 
link as codes or indexes and used by the economic modeling tool to effectuate the optimal 
environment and energy unit cost consumption scheme. The addition of an occupancy sensor 
or an interface with an occupancy knowledgeable device, such as an intrusion alarm system via 
a communications channel, would permit the system to generate greater savings by allowing 
greater use of the dead-band during periods when the premise is vacant without jeopardizing 
the comfort of the occupant. [Fig. 3 feature of COST CONTROL OCCUPANCY SENSING.] 

Upon detection of occupancy by a motion sensing device or communication from an 
occupancy knowledgeable device or system, such as an intrusion alarm system, the system 
could re-compute the most economical and environmentally comfortable model based on the 
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occupant-inputted parameters and the energy unit suppliers' ask prices and adjust the heating 
and cooling systems to narrow the dead-band range to an occupied state. To provide even 
greater savings when the premise is in an unoccupied state, the system could accept additional 
price and variance dead-band parameters to be used in the unoccupied state that might provide 
even greater variances in the dead-band than when the premise was in an occupied state. This 
feature is not the same as the minimum requirements function mentioned above. 

An enhancement to the systems base functions may include the ability of the system to 
develop a human factors profile of the occupants assuming they are not in a fixed set point 
environment by tracking and recording changes in the set points. At a minimum, two types of 
artificial intelligence will be incorporated. First, the system will track patterns of set point 
change as they relate to times of day, days of the week and, at a minimum, track changes in 
these patterns for exceptions such as holidays. This function would enable the system to track 
set point patterns or routines. For example, on Monday through Friday the occupant changes 
the set point at about 7:30 AM to reflect a set back set point and changes it back to the normal 
setting at about 6:00 PM. At about 10:45 PM everyday, the occupant changes the set point to a 
set back set point. These patterns might reflect an occupant's desire to have different set points 
established during periods when they are at work or asleep. 

By activating a function in the system called "follow my lead", the system would track 
such changes in set points and, over a period of time, would be capable of automatically 
performing such set point changes. The occupant would enable this feature of learning and 
automatically executing the learned patterns. In addition, the occupant would be capable of 
resetting the learned patterns or disabling the automatic execution of these pattern at will. [Fig. 
2 feature of TEMPERATURE SET POINT LEARNING.] 

The second of a multitude of such artificial intelligence features would be the tracking of 
set point changes by the occupant in relationship to the outside weather conditions. Whenever 
the system detects a change in the set point, it would be capable of recording and tracking the 
weather conditions outside and develop a correlation to these factors. [Fig, 4 feature of 
WEATHER CORRELATED SET POINT LEARNING.] An example might be that on day 
when it is cold and the humidity is low, the occupant might increase the set point to maintain a 
level of desired comfort. The reverse condition might exist when the temperature and humidity 
are high and the occupant lowers the set point to maintain a desired comfort level. This ability 
to track external weather factors and automatically adjust the internal environmental conditions 



WO 99/22284 PCT/US98/09655 

-32- 

to meet the occupant's desired comfort factors will operate and be controlled in a similar 
fashion to those described earlier in the first example. By utilizing these control and comfort 
patterns, the system will be able to maintain the indoor air (and similarly other environmental 
conditions) to achieve the desired comfort conditions of the occupant while, through 
5 performing the energy unit management functions, minimizing energy consumption cost, to 
achieve a balance of comfort and energy consumption efficiency. 

In its simplest form under current regulation, the system would be able to select between 
the current suppliers of energy for the premise. The total energy units consumed would be 
reported on the metering devices for the energy types attached to the premise. These could be, 
10 as examples, an electric, steam, gas, fuel cell or photo-voltaic system meters. The total premise 
energy units consumed by type as a function of time would be recorded at these metering 
points. When choices of suppliers are made available to the system, the system will track and 
record in its memory (and have the ability to also store these values in other systems' memories 
such as the InterLane™ Home Manager and Power Manager systems) the supplier of choice by 
type elected for the premise and consumption as a function of time, supplier and price paid. 
This data then may be communicated via a communications channel to either the energy unit 
broker for the premise or directly to the suppliers of the energy units for purposes of billing. 
[Fig. 3 feature of COST TRACKING AND SUPPLIER NOTIFICATION.] 

The system also will be capable of managing debit accounts, prepaid accounts and credit 
accounts for the occupant or energy unit bill payer. The accounts will be charged or 
decremented based on consumption and a certain supplier may be eliminated from the system's 
schedule of available suppliers in the case of a prepaid account when the account balance 
reaches zero. For debit account capable systems, a low balance warning indicator will alert the 
occupant when the available credit with a particular supplier is low. [Fig. 3 feature of COST 
ACCOUNTING AND SMARTCARD ACCOUNT CONTROL.] 

If the unit is attached to a communications channel, then it may have the ability to provide 
the energy supplier of choice its current and projected demands for energy units which will aid 
the energy unit supplier in determining if sufficient product is available, thus permitting better 
management of its resources. [Fig. 3 feature of AUTOMATIC SUPPLIER NOTIFICATION.] 
The communications channel also may be used to update the debit account balance for an 
energy supplier based on payments by the occupant or bill payer. [Fig. 3 feature of 
AUTOMATIC COST ACCOUNTING.] If the energy unit supplier projects a future oversold 




condition based on future usage predictions, the supplier may be able to prearrange for 
additional energy units from other suppliers or brokers or will have the ability to raise the price 
of the energy. An energy price increase may result in a communication to all potential 
purchasers of the energy units for upcoming time periods that a price change has occurred, 
5 causing the individual premise systems to re-compute their economic models and either remain 
committed to the provider and the new price per energy unit, curtail usage or switch to another 
energy unit provider. 

This capability will assist the energy unit suppliers in maximizing their efficiency and 
profits without drastically effecting the comfort or economics of the occupant or energy unit bill 

10 payer. Under this win-win scenario, both parties will have the ability to manage their economic 
. flexibility to the maximum. 

In addition to managing the environmental temperature controls of the premise, the 
system will be capable of testing for low or high temperature alarm situation should there be a 
malfunction of the heating or cooling system. Under these conditions, if a dual system is 

15 installed, then the system will attempt to switch to the lowest cost alternative fuel source to 
correct the temperature setting. [Fig. 4 feature of AUTOMATIC FAULT RECOVERY.] In 
either case, the system will alert the occupant through a visual and audible alarm and if 
equipped with a communications channel, then will send an alarm condition alert to a 
designated location based on the user-supplied alert parameters. In the case where the user does 

20 not enter an alarm setting for high or low temperature settings, a default of + or - 5 degrees 

above or below the maximum variable dead-band comfort settings may be used. [Fig. 2 feature 
of TEMPERATURE ALARM SET POINT.] 

If the set point control is placed in the off position, the alarm feature will have the option 
of being defeated or at the user option, will turn the unit on to maintain the indoor temperature 

25 at either the maximum dead-band setting or at the alarm point setting until the indoor 

temperature remains in the dead-band setting for a period of 1 hour without the assistance of the 
heating or cooling system. [Fig. 2 feature of ALARM OVERRIDE CONTROL.] At that point, 
the system will return to the off condition. Under this wake-up and shut-down scenario, the 
alarm will not be activated unless the indoor temperature cannot be maintained within the user- 

30 defined dead-band range. In such a situation, the alarm will be activated to notify the occupant 
or, via the communications channel, the contact point of user choice that a high or low 
temperature condition exists and maintenance is required. 



mm 



WO 99/22284 PCT/US98/0965S 

-34- 

In large facilities, where multiple temperature sensing or control systems are installed, the 
system will be capable of acting independently of other systems of a similar nature or as a 
master or slave unit. Under either scenario, only one unit will have the authority to commit the 
entire premise as to the preferred types and sources, of energy units to be used in the current and 
upcoming time periods. Under this condition, the units will be equipped with a local 
communications channel to permit them to share data and one will be capable of 
communicating to the energy unit suppliers of choice to commit the premise for the current and 
upcoming time periods and communicate alarm conditions at the premise if so equipped and 
capable. Under this multi-system approach, if the local communications channel fails, the units 
will individually operate based on the lowest available cost scenario by in a less sophisticated 
manner, and an alarm condition will be activated. [Fig. 4 feature of NETWORK ENABLED 
CENTRALIZED COST CONTROL.] Such a system is shown in Fig. 6, for example, and 
described above. 

Under either a single system or multi-system scenario, if an external communications 
channel is available but fails, then a local alarm condition will be activated, and the system will 
function under the same scenario that it normally would if no communications channel were 
used. [Fig. 3 feature of AUTOMATIC DATA ENTRY HOLDOVER.] If integrated with an 
advanced premise monitoring and control system like the Interlane™ Home Manager or Power 
Manager, described in US, Patent 5,573,438, then the outside communications channel in most 
cases would be shared by the two systems and monitoring of alarms may be performed by the 
supplier of the premise monitoring and control system. In addition, interfacing with an 
occupancy awareness system such as the First™ Alert Professional premise intrusion alarm 
system, which includes a communications channel to an alarm monitoring center, could provide 
an alternate communication channel for the receipt of energy unit supplier data or transmission 
of energy unit commitments and billing data to suppliers and bill payers. [Fig. 3 feature of 
COMMUNICATIONS RESTORALJ 

The system also will have the ability to act as the total premise energy unit supply 
negotiator because of its ability to access and compute economic models based on user choice 
and access to available energy unit supplier pricing. In this capacity, the system not only 
selects the energy unit supplier for the indoor air management function and controls the 
associated devices, but will also be able to specify the energy unit supplier or suppliers of 
choice for the entire premise. This expanded functionality will allow the system to specify the 
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supplier of choice for the premise from all available energy unit supplier categories and elect 
that supplier as the designated supplier for the interval of time that the system computes as the 
most economicalfor the premise. [Fig. 4 feature of CENTRALIZED PREMISE ENERGY 
COST CONTROL.] 

5 Since energy unit suppliers may vary the time periods over which their price for energy 

units is set, the system's economic model will be flexible enough to take these and other 
variables into account. Some other variables that the system will be capable of including in its 
economic model may include, be but are not limited to: a minimum amount of time that must 
be committed to taking energy units (i.e. N hours, N days, N months, N billing periods, etc.) or 
10 a minimum number of energy units (i.e. Kilowatt hours [KWH's] or BTU's per hour, day, 
month, billing period, etc.) or a time frame preceding a future time interval by which a 
commitment to take energy units must be made in order to lock in the price and reserve the 
energy units needed. These conditional hurdles may reflect volume discounts or penalties 
based on volumes consumed and may be modified by time factors which encourage use in off 
15 peak demand time intervals and discourage use in on peak demand time intervals. [Fig. 4 
feature of STRATEGIZED COST CONTROL.] 

By interfacing either directly or indirectly with the master metering devices for each of the 
energy unit usage category recorders for the premise, the system will be able to report total cost 
of operation for the premise on an instantaneous real-time basis and historically for any past 
20 period or time interval on an aggregated basis, or by energy unit type or by energy unit supplier 
or any combination thereof [Fig. 3 feature of AUTOMATIC PREMISE CONSUMPTION 
ENTRY AND REPORT.] 

In addition, the system will have the capability of controlling other major and minor 
loads in the premise as an extension of its whole premise energy unit supplier selection 
25 capability. [Fig. 4 feature of SUBSYSTEM COST CONTROL.] An example of controlling a 
major load would be controlling water heating, which might be accomplished by a single 
energy unit supplier or more than one. To illustrate this point, water may be heated in a dual 
fuel water heater using either gas or electricity as a direct energy unit source. Water may also 
be heated using a heat recovery system attached to the air heating and cooling system. The 
30 system will have the ability to perform the necessary economic modeling to determine if water 
should be heated directly using the cheapest form of energy unit available (i.e. electricity or 
gas), or by operating the heating and cooling system, or a combination of the two. 
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In a similar fashion, other inductive and resistive loads may be added to the system's 
control capabilities to ensure that their operation is managed in the most cost effective and 
efficient manner. An example of controlling a minor load would be the control of lighting 
circuits or sprinkler control circuits at the premise. The system will be able to compute the 
sunrise and sunset at the location using the latitude and longitude of the location. 

Using the expanded energy management capabilities of the system will allow it to more 
effectively manage the overall economics of the premise by taking into account multiple 
consuming devices, their alternative operating energy unit sources and the available energy unit 
suppliers. By aggregating these requirements, in the most effective operational scheme, the 
system will be able to meet the minimum time, quantity and duration requirements of the 
energy unit suppliers available to the premise while maximizing the economic efficiency of the 
premise through control either directly or indirectly of major points of energy unit consumption. 

An extension of the expanded energy management capabilities of the system will allow it 
to communicate the projected total premise energy unit requirements over a communications 
channel to a central location designated by the premise owner, occupant or bill payer for the 
purpose of aggregating the total energy unit requirements of multiple premises together. [Fig. 3 
feature of AGGREGATION.] This capability will permit the leveraging of the aggregated 
energy units and types together and will permit energy service companies, corporations and 
user groups to amass large energy unit requirements together and achieve greater buying power 
■from energy unit suppliers. 

Under this centralized approach, energy unit price hedging for extended periods of time as 
well as negotiation for take-or-pay commitments can be negotiated and committed to centrally. 
Under this scenario, the central aggregating location, would communicate an override energy 
unit supplier of choice for each energy unit type to the participating locations which would be 
then utilize the centrally-computed best supplier and type choices for their operational needs for 
the time periods specified. [Fig. 3 feature of AGGREGATION SUPPLIER SELECTION 
OVERRIDE.] A system which may use this approach is shown in Fig. 6. This concept of 
pooling energy unit requirements to maximize buying power in a re-regulated environment will 
permit small and large energy unit consumers to compete on equal footing for lower prices by 
combining the needs of multiple locations to achieve greater volumes. 
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The system will utilize a user interface device located in the premise [Fig. 2 feature of the 
LOCAL USER INTERFACE.] as well as provide for remote inquiries in more advanced 
versions of the system, to provide operational feedback to the premise occupant or bill payer 
(which may be the owner, manager or an energy services company under contract to owner or 
5 occupant) and permit them to access information on system operation. [Fig. 3 feature of 
REMOTE USER ACCESS.] It will also provide a vehicle for them to input data and retrieve 
instantaneous and historical operational statistics and reports stored in the system's memory 
either locally or remotely depending on the configuration of the system and network to which it 
is attached. 

10 The interface device will supply, at a minimum, the following items: The current supplier 

of energy units, the current price per energy unit, the current operating cost per hour based on 
the rate and cost of energy units being used, the total energy units used and their cost for today, 
this week, and this billing period by supplier and energy type if multiple types are available, the 
total energy units used by type and their associated cost for the day, week and billing period, 
15 the balance of available credit per energy unit supplier and an estimate of the available hours 
and days of energy unit purchases that represents if a debit system for prepaid energy is being 
used, a computed average cost per energy unit by supplier and a percentage of the total energy 
unit requirement being purchased from that supplier, a breakdown of energy units consumed 
and their cost and supplier by individual appliances if multiple appliance control and metering 
20 is activated, a projected total billing period cost for each energy type and source and an 

aggregated total by type and source of energy unit, a history of temperature set points for the 
day, an average of temperature set points for the week and billing period, historical totals of 
energy units usage and cost for this month, last month and year to date, the current temperature 
set point, the current dead-band high and low degree spread, the average temperature 
25 maintained for the day, week and billing period, the average thermal degree gain or loss per unit 
of time for the premise for a rolling 30, 60 and 90 day period by hour of the day, the average 
thermal recovery time per degree when heating and cooling systems are operational for a rolling 
30, 60, and 90 day period by hour of the day, the projected annual cost of operation for each of 
the appliances being monitored, the operational efficiency factor of each appliance being 
30 monitored based on historical consumption patterns and current operating statistics, the current 
settings for minimum and maximum dead-band temperature and cost settings, warning 
indicators of operational irregularities in monitored appliance consumption patterns, warning 
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indicators for low balances in debit accounts if prepaid energy unit accounts are present, 
average daily cost of operation of whole premise and individual appliances on a 30, 60 and 90 
day rolling average and same period last year, data, text and billing messages from energy unit 
suppliers and information sources, weather information and history data including outside 
5 temperature lows and highs, humidity, chance of precipitation, wind speed and direction and 
Ultra Violet [UV] indices by day, by week, by billing period, total heating and cooling degree 
days and other statistical data needed to normalize consumption and usage data, user defined 
energy unit type preference, temperature ramping option indicator, ramping rate by time and 
degrees, high and low temperature alarm settings, communication channels statuses, points of 
10 contact and routing data, user supplier estimated energy usage rates for non-metered major 
appliances under the control of the system, alarm set indicators by alarm type and designated 
points of contact for alarm events, interface parameters for other premise control systems and 
occupancy awareness and alarm systems, alarm conditions and system health reporting status, 
master/slave interface parameters and status, local and remote communications system status 
5 and alarms, centralized load aggregation system or service interface parameters and status, 
maximum energy unit price point exceeded alarm, maximum energy unit price point exceeded 
history data, maximum energy unit price point exceeded system action indicator, cost of energy 
units, cost of distribution and transmission system capacity used for delivery of the energy 
units. 

Below is a general description of each of the embodiments of the system shown in Figs. 2- 

4. 

FIG, 2 EMBODIMENT 

An implementation of the system in its most limited form is illustrated in Fig. 2. This 
implementation includes a keypad for all input data, a temperature sensor, a small LCD text- 
based display, an audio transducer and contact closures for controlling an HVAC unit (not 
shown) in a home or business. The unit is controlled by a simple microprocessor and may be 
contained within a case similar to thermostats presently available. The unit may be powered by 
a battery in this implementation. 

The unit may retro-it an existing wall-mounted thermostat with the same wiring scheme. 
The specific features it will provide are time of day cost and comfort-based temperature control 
with ramping, preconditioning, temperature limit alarm, password-protected data entry, 
temperature set-point learning and cost-control learning, which features are described in more 
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detail below . Energy supplier selection is performed manually by the user, by entering the cost 
data of the supplier selected. 

All data is entered through the keypad 7, scanned in by functions 12 and 14 and stored in. 
memory function 21. A micro-controller (not shown) may provide the scanning and data 
storage. To aid in the input process, user feedback will be provided on display 53 which will 
guide the user through the data entry process. For example, if the user enters the key sequence 
to begin entering cost information, then the user will be prompted for supplier ID, rates, start 
time for each rate, length of time the rate is valid, fees, the HVAC consumption in kilowatts 
and the correct time, day, date and 12 or 24 hour format, for examples. 

For temperature data, the user will be prompted for set point, set point control on or off, 
dead-band or high/low mode, high and low values for the selected mode, temperature set point 
learning on 1, on 2, off or forget, alarm on or off, alarm high and low thresholds, temperature 
limiting on or off, high and low limit values, Centigrade or Fahrenheit temperature degree units 
and password protection on or off, for examples; 

For comfort data, the user will be prompted for ramping on or off, preconditioning on or 
off, rate of change for ramping and preconditioning (at fixed intervals in minutes per degree or 
learned), maximum cost at set point, maximum cost at high value, maximum cost at low value, 
high value cost over limit hold or shutdown and low value cost limit hold or shutdown, for 
examples. 

Certain data is not required under certain conditions such as the supplier ID when only 
one supplier can be entered. Some data is optional such as the maximum cost points. If none of 
the three entries is made, function 36 will review the cost input data or rate tables to determine 
the lowest and highest rates that will be in use and use them as input for the maximum costs at 
set point and high and low value temperatures. Entering just the maximum cost at set point will 
cause the highest rate to be used for the high and low values. And entering either maximum 
cost at the high or low value will make the cost of the other value the same and the lowest rate 
in use will be used for the set point. If there is no cost data, then no cost points will be entered 
and all cost control features will be dormant. Once the cost data is entered, all three cost points 
will default to those values selected above but the user can make any changes. 

Other optional data includes the HVAC consumption, which if missing will change the 
energy cost display (C) to run time accumulator display and options such as temperature set 
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point learning, ramping, preconditioning, alarms, etc., most of which will have default settings 
which the user can change. 

As noted, the cost data is required for any of the cost control features to function or the 
unit will function like a standard thermostat. The clock input is required to synchronize 
5 reactions to time of day rates. The temperature sensor input also is required and continuous 
values are produced by function 1 5 and stored in memory. Any data for which a default value 
cannot be established will become required data. 

The fixed set option is implemented with password protection of the temperature data. In 
the temperature data entry screen, the user can select that a password be used to change the data 
10 after the present entry. If selected, then the user will be prompted for a key sequence of up to 6 
keys and prompted to verify the sequence. All subsequent user access to the temperature entry 
screens will be responded to with a request for the password. It will be possible to view the 
data but not change it without the password. Changing the password requires accessing the 
screens with the old password and then selecting a password be used and entering the new one. 
1 5 Once all required data is entered or determined, the processes, functions 33, 34, 3 5 and 36 

begin their operation. Function 33 set it's time, date and day of the week as soon as those 
values are entered, continues to update them and provide data to the other processes. Function 
34 prepares a temperature status report for the display, function 43. Function 36 sends 
temperature updates to the display continuously and calculates the cost versus temperature table 
20 that defines the dead-band variance from the set point temperature based on the rates entered in 
the rate tables in use. Function 36 will determine a schedule based on when the rates change at 
which point the rate in effect determines the variance or temporary set point used meet the 
cost/temperature table. 

Options selected by the user that affect this operation are ramping and preconditioning. 
25 These comfort-based options reduce any drastic swings in temperature due to large changes in 
cost. Ramping allows for gradual change in temperature over time. One degree of change in 3 0 
or 60 minute intervals or two learning modes can be selected. Learning mode 1 first determines 
the natural thermal rate of change for the premise by allowing the temperature to rise (or drop, 
if heating) by one full degree and measures the time it took. This becomes the minimum time 
30 to the new.temperature. Then it takes half of the length of time that the rate change is in effect 
and this value becomes the maximum time to the new temperature. A portion of the difference 
(half, for example) between these two values is used to calculate the time to the new 
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temperature and the time interval to be used for the one degree changes. Learning mode 

2 instead keeps track of the dwell time or on/off time prior to ramping taking effect. It then 
calculates the cost ratio between the present and new rates and changes the on/off ratio for the 
existing on to off period to spend the same amount of money over the period. No specific 
5 temperature during this ramping period is set until the temperature calculated for the new rate is 
reached, at which time normal operation is restored. 

In either case, the time to reach the new temperature is recorded and used to time the start 
of the reverse process prior to the rate changing. 

Preconditioning, which can be used with or without ramping, pre-cools (or preheats) the 
1 0 premise prior to a rate increase by the number of degrees selected by the user. First the rate 
change for cooling (or heating) is determined by measuring the time it takes to cool the premise 
one full degree. This value, multiplied by the number of user-selected degrees determines the 
starting time prior to the rate increase. If ramping is in use, then it will use this lower 

temperature to calculate the rate of change for its operation which lowers the overall 
15 temperature during the higher rate period. 

The two variations of cost control operate with some differences. The dead-band mode 
allows the user to vary the set point and maintains a fixed value above and below it for 
calculating the response to rate changes, while the high/low mode fixes the highest and lowest 
temperatures the user is willing to accept regardless of the set point and recalculates the 

20 response with each new set point. If the set point is raised or lowered beyond these limits, then 
the set point becomes the limit. 

A malfunction will be declared when the temperature limit alarm is exceeded if set point 
control is on. A default setting of 5 degrees beyond the maximum dead-band variance, or 
high/low values which the user can change, will be used. If exceeded, then the unit may flash 

25 the display and activate the audio output device. If the set point control is off, then a 

temperature limit exceeded will be declared since no control is being attempted. Under this 
condition, if the temperature limiting is off and the user enables the override feature, then the 
alarm will turn on temperature control until the temperature is stable within the alarm limits for 
at least one hour. 

30 Temperature set point learning, if enabled, will learn the user' s set point preferences with 

regard to time of day and day of the week without the need to explicitly define them. The unit 
will note each change in the set point and record the time of day and day of the week. After 
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two consecutive days of similar changes at similar times, the unit will institute the change on 
subsequent days. Upon initializing the change, it will note on the display the learned change is 
in effect and will ask for approval or disapproval. With no input or approval, it will continue on 
subsequent days as is appropriate. With disapproval, it will continue to monitor the changes 
until a pattern is recognized which meets with approval or no input. 

Unless the user makes the same change on a weekend day, the unit will not institute the 
learned changes. After two or more weeks of no disapproval, the unit will no longer ask and 
changes to the learned pattern will require setting the learn mode to forget Holidays will not be 
addressed in this implementation but the user may change the set point at any time. Should the 
user wish for holidays to be treated as weekend days or for all days to be treated the same, or 
other, that information may be programmed by the user, in one embodiment. 

The reports available from function 34 include three categories: temperature, cost and 
comfort. The user will key in a category and will then move from screen to screen until the 
required information is viewed and a return to the default screen is requested or sufficient time 
without additional key activity is noted. 

Cost information includes: the current supplier (A) if an ID was entered; the current price 
of energy (B); the HVAC cost ( C, f), if the consumption was entered or the run time for HVAC 
for the day, week or month, and the time day and date. 

Temperature information includes: the temperature set point history for the day (J); the 
present set point (M); the average temperature for the day .week billing period (O) and the 
alarm temperature settings (d). 

Comfort information includes: the current dead-band spread (N); the current dead-band 
temperature and cost (T); ramping status and rate (b, c) and the maximum cost exceeded alarm 
price and action (1, m). 



FIG. 3 EMBODIMENT 

A more enhanced residential embodiment of the invention is shown in Fig. 3 . This 
embodiment includes an energy meter capable of communicating with the system, a keypad, a 
phone keypad entry interface and remote control device for user input, temperature and 
humidity sensors, an interface to a security system, a small LCD text based display, a voice 
output device, a television interface device, and a two-way communication link to outside 
service providers and contact closures for controlling the HVAC unit in a home. The system is 
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controlled by two microprocessors and is contained within a thermostat-like unit and an audio 
video [A/V] Processor. In this embodiment, the thennostat-like device has similar functionality 
to that in the Fig. 2 embodiment but is slaved to the A/V Processor. The A/V Processor unit is 
line powered and the thermostat-like device may be either line or battery powered in this 
5 embodiment 

The thermostat-like unit will replace the existing thermostat and will contain the keypad, 
temperature sensor, humidity sensor, display, audio transducer, contact closures and a 
microcontroller. There also will be a communications link between it and the A/V Processor 
which contains the remote control interface, the phone line interface for phone keypad entry, a 
voice output module, the A/V and RF interfaces and format conversion to the television, the 
communications link to the meter and a microprocessor. The A/V'Prpcessor can connect the 
voice module to the phone line for remote inquiry and control by phone, to the television for 
voice response or to an in-home A/V or intercom system, which can also be tied to the home 
security system. 

As a distributed system, the functions are divided between the two units. The A/V 
Processor will have functions 1 1, 12, 15, 21, 31 through 35, 41 and 42 while the thermostat-like 
unit will have functions 14, 15, 36 and 44. The inter-function communications for separated 
functions may use powerline carrier communications such as Consumer Electronics Bus 
[CEBus], XI 0 or Lon Works or may use a proprietary or standards based RF link or any other 
type communications channel. 

Features provided by the system of Fig. 3 include all those provided by the system of Fig. 
2. Additional features are made possible by the configuration of the system of Fig. 3. They 
include: automatic cost entry, cost control supplier preference weighting, historical cost control 
tracking, cost control occupancy learning, cost tracking and supplier notification, cost 
accounting and SmartCard account control, automatic supplier notification, automatic cost 
accounting, automatic data entry holdover, communications restoral, automatic premise 
consumption entry and report, aggregation, aggregation supplier selection override and remote 
user access, as described above. 

Besides manual entry of user data as illustrated in Fig. 2, a communications link to a 
network of energy suppliers, brokers and resellers will provide formatted cost data for each 
supplier. The A/V Processor, using function 12, will collect these rate tables and, with function 
21, store the information. The rate tables stored are from a group of suppliers which are 
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selected directly by the user who will either manually input the preferred suppliers or criteria 
for the system to use to select acceptable suppliers. The criteria can include energy type, 
location or distance, length of commitment, payment terms, guarantees of service, price, and 
others. Alternatively, suppliers may be suggested by the system based on the short term history 
5 profile of consumption. This profile will be collected by function 1 1 communicating with the 
energy meter and storing usage over time. 

An additional user input device will be the remote control unit used in conjunction with 
the television. The data entry process described in Fig. 2 applies in the system of Fig. 3 as well 
and will be formatted and converted to video or modulated radio frequency [RF] for 
1 0 presentation on a television screen. All manual data input could then be made using the keypad 
on the remote control. - 

Still another user input device will be a standard phone which can be locally connected or 
dialed in from a remote location. This feature will work in conjunction with a voice output 
device to provide feedback and information to the user. As in most Interactive Voice Response 
15 [IVR] systems, the user will enter a keypad sequence to enter the system and be prompted for 
selections which will be entered on the phone keypad. The system will respond with a voice 
output for all inquiries and acknowledge any commands entered. This feature will be used for 
sightless or vision-impaired users in lieu of the television output interface although the voice 
response may be incorporated into the audio of the television interface as well. Deaf users 
20 would use the LCD display or television screen messages for feedback when entering data and 
audible alarms will be supplemented with blinking lights within the premise that will be 
controlled through CEBus, XI 0 or other appropriate control. 

An equipment interface will be used to access a security system for status notification. 
The security system will be used to determine if the premise is occupied to provide cost control 
25 occupancy sensing. When the user arms the security system, it is assumed the premise will be 
unoccupied and the temperature set point will be changed to a user-defined or default level until 
the security system is disarmed. If enabled, then the temperature may be restored to the 
occupied set point prior to a user's return based on the cost control learning, as in the system of 
Fig. 2. Additionally, in a cooperative environment, it will be possible for the security system to 
30 elicit from the user, a return time and date which would then be used to restore the premise to 
the occupied set point. It is also possible in this environment that the system could be the user 
interface allowing it to set the security system. 
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The interface to the security system can be CEBus messaging over powerline carrier 6r 
Lon Works, XI 0, twisted pair cable or other such communications link. Since the security 
system includes a phone line for alarm notification and can use modem-based communications, 
this capability could provide for communications restoral for the system by using the security 
5 system to route data to the energy suppliers when the primary communications link is 
inoperative. Once the link is declared out of service, the system will send a request to the 
security system asking it to establish a transparent data session and provide a phone number. 
The security system would then pass the data payload of the CEBus data packets transparently 
to the suppliers and encapsulate any data from the supplier in a CEBus packet and send it to the 
10 system. In this cooperative environment, the security system could use the system for access 
when its communications link is down. If the security system cannot operate in this manner, 
then the system can revert to an automatic data entry holdover mode where the system will 
maintain the last good set of energy cost data, continue using the last selected supplier and 
operate in the manual mode as in the system of Fig. 2. 
15 An additional sensor input for this embodiment may be the humidity sensor. Indoor 

humidity data will be combined with indoor temperature to determine a comfort zone limit for 
varying the temperature set point based on user comfort. The user will enter the level of 
comfort desired as a percentage of the ideal comfort level and the temperature-humidity index 
will be used to modify the set point to reduce cost while reflecting this comfort level. A value 
20 of 1 00% will equal the exact user-defined or learned temperature set point as the center of a 
range of temperatures of approximately the same comfort level where the limits of the range are 
defined by the temperature-humidity index. A value of 0% will equal the temperature at which, 
for that humidity level, most people would feel uncomfortable. If the user selected a 50% 
comfort level, then the temperature will be halfway between the two defined temperatures. 
25 The range of temperatures will vary dynamically as the humidity level changes within the 
premise. 

Once all of the data needed is entered, determined or collected through the 
communications link or manual entry, the processes implementing functions 3 1 through 36, 
begin their operation. This occurs through software operating on a processor, as described. Any 
30 data not available but required for a specific function's operation will disable the function until 
that data is available. The lack of that data will be reported as an alarm. Function 33 sets its 
time by querying the appropriate device or resource, if time data is available, and if not, then 
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from manually entered data. If time data is not available, then a critical alarm will be generated 

and no functions requiring time will be performed. 

Function 31 will provide the load estimation process by collecting, on a continuous basis, 

energy consumption from the premise energy meter and developing load profiles and trends. 

These load profdes will be generated on an hour by hour basis for a day, week or on a rolling 30 

day average with trending to estimate future loads. 

Function 32 evaluates each set of rate tables for each supplier by calculating the cost of 
energy for the existing load profile, if available, or simply compare each supplier's rates hour 
by hour and selects the lowest rate available. Supplier energy rate tables are stored in function 
2 1 and used to calculate the cost for a user-selected time period or default to a 30-day period 
and select the lowest cost supplier. As discussed previously, the user preferences will be used 
in the selection process. Once the supplier is selected, the choice, the load estimate and use 
interval will be conveyed to function 42 which then automatically communicates the data to the 
supplier, broker or billing agent. As energy use accumulates, function 32 will maintain the 
consumption and report through function 42 the consumption to the supplier, broker or billing 
agent. 

If selected, then the cost accounting feature will manage debit, prepaid and credit 
accounts. For credit accounts, charges will be calculated and displayed through function 43 to 
the user for each billing cycle and a estimated bill for the present billing cycle will be provided 
on an on going and forward projecting basis. For debit and prepaid accounts, the balance will 
be displayed and decremented on a continuing basis. With debit accounts, payments to the 
supplier will generate balance updates in the system. 

For both debit and prepaid accounts, an alarm report and a voice message will be 
generated to inform the user of a balance through function 35. If the balance drops to zero, 
then that supplier may be dropped from the list of available suppliers until non-zero balance is 
reported by the user or over the communications link from the supplier. SmartCard accounts 
can function as debit or prepaid accounts except that the balance information will be read from 
and updated to the SmartCard. Energy supplier rate tables can be read and premise 
consumption data can be written onto the card. 

With aggregation, function 32 will report to a central site, providing load profiles, 
projected consumption and preferred energy supplier. It also will accept a different energy 
supplier from the central site overriding its own selection. 
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Function 35 will monitor the system for faults and provide alarm statuses and initiate " 
alarms as audio or visual outputs. The types of faults this function will collect include those 
detected and reported by other functions and those it independently detects. Alarms reported by 
other functions include a loss or poor performance of an internal or external communications 
link, low account balance for selected supplier, energy cost exceeded shutdown, a loss of a 
sensor input, required data unavailable, invalid data entry or data format and a loss of the 
selected energy supplier data. Alarms detected by function 35 include HVAC unit operation 
not detected (no temperature change with contact closure), temperature limit exceeded, unit 
microprocessor malfunction and loss of power. 

Function 36 will function as in the Fig. 2 embodiment controlling the heating or cooling 
through function 44 with the following added feature. It will use a no occupancy temperature 
set point for use when the premise is empty or the maximum dead-band or high/low value. This 
maximum can be modified to allow temperature changes only great enough that no more than 
one hour or some other programmable interval will be needed to restore the premise to the 
occupied set point. This is accomplished with the premise response time measurements 
performed for ramping as in the Fig. 2 embodiment 

The reports available from function 34 include all those in the Fig. 2 embodiment. The 
Fig. 3 embodiment adds to those categories and adds a new category, operations status and 
alarm reports and a new mode of operation, data messaging. Data messaging allows the system 
to recognize that a user inquiry is meant for passage to the communications link and that certain 
data from the communications link is meant for the user. This messaging mode establishes a 
channel between the user and the supplier or other networked entity and allows data to flow 
between them using the system communications link as transport. 

Cost information available includes: whole premise consumption cost per hour; whole 
premise consumption by supplier and energy type for the day, week or billing period; whole 
premise consumption by type and cost for the day, week or billing period; the balance of 
available credit per supplier and an estimate of the time of use it represents for debit accounts; 
computed average cost per supplier and percentage of total consumption bought from each 
supplier; low balance warning indicator; user preferences report and an itemized cost of 
generation, transmission and distribution report. 
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Comfort information added in this implementation is an average of temperature set points 
for the week and billing period and those set points cross-referenced to relative humidity, if 
available. 

Operations status and alarm information available include: communications link status, 
i points of contact and routing data; alarm indicators by alarm type and designated points of 
contact for alarm trigger events; interface parameters for other premise control systems and 
occupancy awareness and alarm systems, alarm and system status; local and remote 
communications system status and alarms and interface parameters for a centralized load 
aggregation and status. 

FIG. 4 EMBODIMENT 

An embodiment of the system of the invention in a more enhanced residential, 
commercial and industrial form is shown in Fig. 4. This implementation includes: various 
types of energy meters capable of communicating with the system; submetering devices; 
temperature sensors; an interface to a security system; an interface to a humidifier; a keypad, an 
LCD text based display, an audio output device and internal communications link per 
thermostat-like unit; a two way communication link to outside service providers; contact 
closures to an on site energy supply source unit; both contact closures and communication links 
for controlling the HVAC units on premise and both contact closures and communication links 
for controlling other equipment. The system may be microprocessor-controlled and contained 
within multiple thermostat-like units and a standalone computer. The thermostat-like devices 
have similar functionality to those of the Fig. 2 embodiment but are slaved to the computer. 
The computer and the thermostat-like devices may be line powered. 

The thermostat-like units will replace the existing thermostats and will contain the 
keypad, temperature sensor, display, audio transducer, contact closures and a microcontroller. 
There will also be a communications link between each and the computer, which will include 
the required keyboard, monitor, memory and storage. A communications link also will exist to 
the meter, outside services and other equipment. 

As a distributed system, the functions are divided between the two unit types. The 
computer will have functions 1 1 through 15, 21, 22, 31 through 37, 41, 42, 43 and 45 while the 
thermostat-like unit will have functions 14, 15, 36 and 44. The inter-function communications 
for separated functions may use powerline carrier communications such as CEBus, XI 0 or 
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LonWorks or may use a proprietary or standards based RF link or any other type 
communications channel. 

Features provided by the system of Fig. 4 include all those offered by the systems of Figs. 
2 and 3, plus additional features made possible by the configuration of the Fig. 4 system. The 
additional features include: historical consumption analysis, historical operations analysis, 
itemized cost report, cost estimate daily report, multi-system consumption and cost control, 
automatic consumption entry, weather correlated historical consumption analysis, automatic 
weather data entry, weather correlated set point learning, network enabled centralized cost 
control, centralized premise energy cost control, strategized cost control and subsystem cost 
control, described above. 

In addition to the manual data entry of the Fig. 2 embodiment and the automatic entry of 
cost data collection through function 12 in the Fig. 3 embodiment, automatic data entry is 
implemented by a communications link to a weather service provider, as provided by function 
13. This weather information may be provided formatted in a machine-readable form and may 
include any number of weather parameters or a simple weather index which can be used to 
modify temperature set point calculations by virtue of the impact on heating or cooling or 
weather based learned user preferences. The weather parameters or index will be used in at 
least the two following ways: as a load variable which would modify the estimate of the 
amount of energy required, time and cost to heat or cool the premise from a specific 
temperature to a new set point and as a predictor for user-desired temperature set point changes. 

In addition to reading energy meters of various types of energy, function 1 1 will read 
consumption data collected by submetering devices. This can be done directly or through other 
systems such as an InterLane™ Interactive System (described in U.S. Patent 5,572,438, which 
is herein incorporated in its entirety). The submetering can be performed on various equipment, 
systems, office areas, floors and other local and remote energy consuming systems or areas. 

The thermostat-like units with function 14 can still accept user input through its keypad, 
as in the Fig. 2 embodiment, or a subset of that input as is appropriate to this specific 
implementation. With multiple devices, zones can be supported within a premise and with 
damper control micro-zones could be implemented. As an illustration, it would be possible to 
control each apartment in a large complex independently accepting input from each and 
tracking consumption and preferences. 
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Temperature sensors distributed with each thermostat-like device will provide, through 
function 15, a view of temperature gradients which can be used to better balance temperatures 
within a building and provide for more efficient control. 

Other equipment, such as the previously described security system and one or more 
5 humidifiers or dehumidifiers, will provide status information to the system. The humidifiers 
and dehumidifiers can provide humidity readings to enable the system to determine the best or 
most economical level of comfort for the premise to meet the occupant status and comfort level 
demands. 

With a standalone computer, function 21 takes on depth in terms of more data types and 
10 function 22, which provides data storage, can include years of detailed information to make 
more accurate predictions and relate those predictions to more parameters than previous 
systems. Historical analysis can be provided as a result. 

Once all the data needed is entered, determined or collected through the communications 
link or manual entry, the processes implement functions 3 1 through 36 (i.e... through software 
15 operating on a processor). Any data not available but required for a specific function's 

operation will disable the function until available and the lack of that data will be reported on 
screen as an alarm, and when a user inquiry involves that missing data. Function 33 sets its 
timcby querying the appropriate devices or resources until an accurate time can determined, if 
time data is available, and if not, then from manually entered data. If time data is not available, 
20 then a critical alarm will be generated and no functions requiring time will be performed. 

Function 31 will provide the load estimation process but, in addition to the functionality 
of the embodiments of Figs. 2 and 3, it will include more parameters, stored in function 2 1 , and 
historical data, stored in function 22, will be used to provide enhanced functions. Weather data 
will be used to modify load calculations to reflect the additional load that weather applies to 
25 heating or cooling the premise. With sufficient historical data collected, function 3 1 can 

provide historical consumption analysis by providing graphs and summary data of the average 
consumption of a premise as a function of time, temperature, or user set point changes, for 
example. With sufficient historical weather data collected, the function also can provide 
weather correlated historical consumption graphs and summary data analysis. These 
30 capabilities are used to provide trending and better predictions. 

Function 32 will provide the source selection and costing process but, in addition to the 
functionality of the embodiment of Figs. 2 and 3, it will include more detailed and complex 
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operation. In the case of cost reporting, function 32 will be able to provide an itemized cost 
report broken down by service segment, generation, transmission and distribution as reported 
through function 12. Generation and transmission costs will vary with energy supplier and 
distance from the user and will have to be factored into the total cost of energy. The daily cost 
estimate report will include both present and historical consumption and weather data to 
project the daily consumption. 

In this system, multiple heating and cooling units can be controlled through the 
thermostat-like device, each of which communicates with the main computer. As such, with 
submetering of these heating and cooling units, multi-system consumption and cost control 
systems can be implemented. Each thermostat-like device can work independently making all 
decisions regarding the local area or zone and reporting to the computer those decisions. 
Alternatively, each device can slave their operation to a single unit which would select the 
supplier while allowing each unit to then control the local temperature, thus, providing network 
enabled centralized cost control. With the power of a standalone computer, the system can be 
configured to have all decisions made by the computer and communicated to the individual 
devices to locally control the temperature, thus implementing centralized premise energy cost 
control. This centralized computing power will also allow for strategized cost control. In this 
scenario, indirect cost factors such as minimum time commitment required by an energy 
supplier to get a certain price break, minimum energy unit purchase requirement for a price 
point or discounts for meeting a certain consumption profile, would be considered. 

In each of these scenarios, operation is dependent on the use of communication links 
between the computer and the thermostat-like devices. If any of these were to fail, then the 
device will revert to it's standalone operation using the last good cost data available until 
communication is reestablished. Fig. 6 is a block diagram of a system including a central 
processor (main computer) and numerous local processors, each monitoring and controlling a 
different set of load devices. Each local processor may be located on a different premise. 

Function 32, in conjunction with functions 15, 37 and 45 and the submetering capability 
of function 1 1, will have the capability to control other major and minor loads providing 
subsystem cost control. This control will work to aid in meeting some of the requirements of 
strategized cost control by more closely controlling consumption. The system will be given 
information as to the operation of the equipment to be controlled. For example, air filters may 
need to run eight hours a day to maintain a certain level of air quality. Under strategized cost 
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control, the system can reduce energy cost by shifting operation of the air filters to meet the " 
supplier's requirement while still allowing the filters to operate for eight hours. 

Function 35 will monitor the system for faults, provide alarm status and initiate alarms. 
In addition to the functionality of the embodiments of Figs. 2 and 3, there will be additional 
functionality. Since submetering is in place and large amounts of historical data can be stored 
and processed, historical operations analysis can be provided. This entails extracting 
performance data from the collected data, tracking it over time and making periodic 
comparisons. For example, the time to cool the premise one degree with known temperature 
and weather conditions can be determined as with comfort ramping. This value can be stored 
and a new value measured and stored monthly. .The system then can calculate a trend in 
operation and determine if the cooling unit is operating at the same level as when the initial 
measurement was taken. At a user defined level of lower performance, if provided, an alarm 
can activated or a report can be issued. The power consumption profile can be used in a similar 
manner where the equipment becomes a heavier load as it becomes less efficient. 

«. Function 36 will function as in the Fig. 2 embodiment controlling the heating or cooling 
through function 44 with the following added features. Whenever a temperature set point is 
calculated, the existing weather conditions will modify the set point value providing weather 
correlated set point learning. The system will record user changes in the set point and store the 
set point, the change and weather conditions at that time. Whenever the weather conditions are 
in effect, the set point calculation will include a factor reflecting the user's preference. For 
example, if it is cold and damp outside for more than two days, and the user changes the set 
point upward by two degrees, in the future the system will adjust the calculated set point 
upward by two degrees at the end of the second day of the same weather conditions. 

The other feature function 36 will include is the ability: to make or take decisions when 
used in distributed or centralized system. As previously described, each thermostat-like device 
can operate independently but, with addition of a communications link, can take on a master or 
slave mode of operation. As a master, function 36 will take supplier selection and cost data 
from its own function 32, which will also provide that information to the slave units and the 
master will operate as an independent unit. As a slave, it will operate as an independent unit 
unless supplier selection and cost information is provided to it over the communications link. 
In a centralized system, the master unit will be the computer and all devices will be slaves. 
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Function 37 is utilized in this implementation to control other equipment in an effort to 
reduce cost or monitor operation. As described under strategized cost control, air filters may be 
controlled to shift consumption. Another example is the control of a humidifier to offset 
heating costs. The system can decide, based on the indoor humidity level reported by the 
humidifier through function 15, to use the humidifier to increase the humidity to improve the 
affect of heating the premise. Based on the calculated cost of heating the premise to a certain 
comfort level for the existing humidity level and the cost to raise the humidity to a level where 
less heating is needed for the same comfort level, the humidifier would be used. This method 
can be used for dehumidifiers and other equipment where two or more parameters can be 
controlled to affect a certain result and the cost of controlling those parameters based on their 
effect are sufficiently different. 

The reports available from function 34 include all those available in the embodiments of 
Figs. 2 and 3, plus additional report categories. Cost information available includes: subsystem 
cost report; estimated bill by energy type and supplier and aggregated totals by type and 
supplier; historical energy usage totals for any time period; estimated annual cost to operate any 
monitored appliance or system; average daily cost to operate the premise or any monitored 
appliance or system on a rolling average period or year to year; total heating and cooling degree 
days and other statistical normalization data and normalized energy use predictive reports from 

models similar to DOE 2. 1 modeling for the premise for normalized comparative reporting. 
Temperature information includes: the average thermal degree gain or loss per time 

period for various rolling average periods by hour of the day; the average thermal recovery time 

per degree for various rolling average periods by hour of the day and present and historical 

weather information and indexes by the day, week or billing period. 

Operations status and alarm information available includes: the history based efficiency 

factor of each monitored appliance or system; warning indicators of operational irregularities in 

each monitored appliance or system and master/slave interface parameters and status. 

The following is a list of minimum data elements and tables maintained by the systems in 

Figs. 2-4. 

Minimum Data Elements and Tables 

1 . The current supplier of energy units, the current price per energy unit including delivery. 

2. The current operating cost per hour based on the rate and cost of energy units being used. 
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3. The total energy units used and their cost for today, this week, and this billing period 
and the past 14 billing periods by supplier and energy type if multiple types are available. 

4. The total energy units used by type and their associated cost for the day, week and 
billing period for the past 14 billing periods. 

5 5. The balance of available credit per energy unit supplier and an estimate of the available 
hours and days of energy unit purchases that represents if a debit system for prepaid energy is 
being used. 

6. A computed average cost per energy unit by supplier and a percentage of the total 
energy unit requirement being purchased from that supplier including delivery costs. 
) 7. A breakdown of energy units consumed and their cost and supplier by individual 
appliances if multiple appliance control and metering is activated. 

8. A projected total billing period cost for each energy type and source. 

9. An aggregated total by type and source of energy unit. 

10. A history of temperature set points for the day. 
11.4 An average of temperature set points for the week and billing period 

12. * Historical totals of energy units usage and cost for this month, last 14 months and year 
to date. 

13. ^ The current temperature set point, both user-set and fixed. 

1 4. The current dead-band high and low degree spread, both user-set and fixed. 

15. The average temperature maintained for the day, week and billing period. 
16.. The average thermal degree gain or loss per unit of time for the premise for a rolling 
30, 60 and 90 day period by hour of the day. 

1 7. The average thermal recovery time per degree when heating and cooling systems are 
operational for a rolling 30, 60, and 90 day period by hour of the day. 

1 8. The projected annual cost of operation for each of the appliances being monitored. 

1 9. The operational efficiency factor of each appliance being monitored based on historical 
consumption patterns and current operating statistics. 

20. The current and historical settings for minimum and maximum dead-band temperature 
and cost settings. 

2 1 . Warning indicators of operational irregularities in monitored appliance consumption 
patterns. 
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22. Warning indicators for low balances in debit accounts if prepaid energy unit accounts 
are present. 

23. Average daily cost of operation of whole premise and individual appliances on a 30, 60 
and 90 day rolling average and same period last year. 

5 24. Data, text and billing messages from energy unit suppliers and information sources. 

25. Weather information and history data including, at a minimum, outside temperature 
lows and highs, humidity, chance of precipitation wind speed and direction, solar exposure time 
and angle and UV indexes by day, by week, by billing period. 

26. Total heating and cooling degree days and other statistical data needed to normalize 
0 consumption and usage data. 

27. Computed thermal recovery time for heating and cooling adjusted to compensate for 
the external temperature, wind speed, direction, UV index, humidity and cooling or heating 
degree day factors. This computed factor is used to more accurately compute the recovery time 
for thermal gain or loss when combined with the average normalized thermal gain or loss for 
the premise. This factor may also be computed centrally and transmitted, frequently enough to 
permit adequate factoring of recovery times to maximize efficiency and reduce operating costs. 
Transmitting centrally computer factors will eliminate the need for external sensors at each 
location, thus lowering the cost of installation and ongoing maintenance, 

28. A Table of available energy suppliers and user-defined preference indicators by 
supplier and type of energy units provided to be used in choosing the supplier of choice if price 
points and terms of sale are equal during a given time period 

29. A table used to compute supplier parity when option 28 above is not entered which 
contains at a minimum, the available suppliers, the type of energy units available and the 
number and cost of energy units purchase this billing period. 

30. An optional user-supplied preferred energy unit type indicator, 

. 31. User-selected temperature ramping option indicator with default 1 degree per hour 
ramping and optional user-defined ramping time frames and degree settings. 
32. Low and high temperature alarm settings to protect against heating and cooling system 
failures. This alarm trigger point is user-defined, and if not entered, defaults to + or - 5 degrees 
above and below the maximum dead-band comfort range entered by the user. This feature is 
defeated if the system is placed in the off position, but will be overridden if the user elects to 
activate the temperature alarm mode capability of the system. 
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33. Alarm activation indicator which is user-selected to permit the automatic alarming and 
notification of a monitoring service if one is available and subscribed to by the occupant, owner 
or system provider. Alarm points and settings are user-defined or can be allowed to default to 
system-defined default points based on the users , owners or operators preference. 

34. Communications channel interface parameters and data including types and routing 
information necessary to perform communications activities on the attached network or 
networks available. These parameters include all information required to perform password 
verification and encryption as needed or deemed necessary by the owner, operator or 
communications system provider. These parameters also include the necessary routing and 
identification data for alarm trigger reporting points and services used by or subscribed for or 
available to the premise. 

35. Consumption rates and consumption signature and weather-related normalization 
factors for major appliances in the premise under the control of the system for which a direct 
form of metering consumption is not available. Estimated consumption rates for major 
appliances in the premise under the control of the system for which a direct form of metering 
consumption is not available. 

36. Centralized load aggregation and computational service providers interface 
information. 

37. Computed normalization factor for the premise based on historical consumption and 
20 external factors. 

38. Energy efficiency factors derived from modeling the premise using a model such as the. 
DOE-2.1 modeling system for comparison of operational efficiency. 

39. Minimum requirements dead-band range definitions to be used when the premise if 
vacant or unoccupied. 

25 40. Set point pattern change tracking tables to reflect specific day, time and day type 

setting changes to be used with "follow my lead" artificial intelligence learning and execution 
routines. 

41. Set point pattern change tracking tables to reflect specific outside weather conditions in 
relationship to set point changes initiated by the occupant for use with the "follow my lead" 
30 artificial intelligence learning and execution routines. 

Having thus described at least one illustrative embodiment of the invention, various 
alterations, modifications and improvements will readily occur to those skilled in the art. Such 
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alterations, modifications and improvements are intended to be within the spirit and scope of 
the invention. Accordingly, the foregoing description is by way of example only and is not 
intended as limiting. The invention is limited only as defined in the following claims and the 
equivalents thereto. 

5 



1 . An indoor environmental condition control and energy management system 
comprising: 

a user input element (14) to receive user input parameters regarding a desired indoor 
temperature and comfort range of temperatures above and below the desired temperature for 
each of a number of energy unit price points and user input parameters regarding a willingness 
to pay certain energy costs to maintain the comfort ranges; 

an indoor temperature input element (15) that receives a sensed indoor temperature; 
an energy price input element (12) that receives projected energy unit prices per time 
from at least one energy supplier; and 

a processor (30), coupled to the input elements, that computes an indoor temperature 
deadband range for each of a number of projected energy unit price points, dynamically selects 
an energy supplier based on then-current energy prices, and controls a heating and cooling 
system (5 1) to maintain the indoor temperature within the computed deadband range for each 
selected energy unit price point 

2. The system claimed in claim 1 wherein multiple deadband ranges may be selected by a 
user for different time periods. 

3. The system claimed in claim 1 wherein the processor may select between suppliers of 
different types of energy. 

4. The system claimed in claim 1 wherein the processor controls operation of the heating 
and cooling system to repeat a pattern of usage by the user over a time period. 

5. The system claimed in claim 1 wherein the processor monitors energy consumption by 
the heating and cooling system. 



6. The system claimed in claim 1 wherein the processor communicates information to at 
least one energy supply company. 



7. The system claimed in claim 6 wherein the information includes at least one of energy 
consumption data, energy usage schedule, cost information and account information, 

8. The system claimed in claim 1 further including a central processor, coupled to the 
local processor over a communications channel, for monitoring energy consumption at a 
plurality of premises. 

9. The system claimed in claim 1 wherein the processor monitors and controls each of a 
plurality of energy-consuming load devices based on user input parameters relating to usage of 
the energy-consuming load devices. 

10. The system claimed in claim 1 further includes means, coupled to processor, for 
controlling an on-premise energy-generating device to operate during periods of higher cost 
from an energy supplier. 

1 1 . The system claimed in claim 1 wherein the processor controls the heating and cooling 
system to ramp up or down indoor temperature during certain time periods to reduce energy 
consumption cost. 

12. The system claimed in claim 1 further including means for receiving an indication of 
premise occupancy and wherein the processor computes a vacancy deadband range and an 
occupied deadband range. 

13. The system claimed in claim 1 further including means for activating an alarm when an 
extreme environmental condition is sensed 

14. A method for managing energy consumption and controlling an indoor temperature for 
a premise comprising the steps of: 

receiving user input parameters including a desired indoor temperature and a comfort 
range of temperatures above and below the desired temperature for each of a number of energy 
unit price points and user input parameters regarding a willingness to pay certain energy costs 
to maintain the comfort ranges; 

receiving a sensed indoor temperature; 



receiving projected energy unit prices per time from at least one energy supplier; 
computing an indoor temperature dead range for each of a number of projected energy 
unit price points; 

dynamically selecting an energy supplier; and 

controlling a heating and cooling system to maintain the sensed indoor temperature 
within the computed deadband range for each selected energy unit price point, 

15. The method claimed in claim 14 further including the steps of monitoring energy 
consumption for each of a plurality of energy-consuming load devices and controlling 
operation of each load device to maintain energy consumption cost within a desired user input 
cutoff point. 
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